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EXECUTIVE SUMMARY

Geotechnical investigations have been carried out in two stages at the proposed
development site. Two, approximately 20m deep boreholes were drilled in the
south-west portion of the site in April 2004, A further five boreholes, about 10m
or 14m deep, have now been drilled to provide a better coverage of the site. The
boreholes have revealed a subsurface profile generally consisting of pavements,
shallow, and in places, deep fill over residual silty clays and clays, which grade into
weathered shale/siltstone bedrock at depths between about 5m and 7m below
existing levels. Subsequent monitoring indicated shallow or elevated groundwater
levels in the natural silty clays and clays, and groundwater flowing, presumably

from defects within the shale/siltstone bedrock,

The proposed development will presumably involve substantial changes to the site
including demolition of the existing structures and pavements, and excavations of
large volumes of soil and rock. Good engineering design, construction and
maintenance practices should be adopted to maintain stability to adjoining buildings
and structures during excavation and in the long term, as well as reducing the risk
of vibrational damage to adjoining buildings and structures during excavation.
Insufficient space is available to form temporary batter slopes around most sides of
the excavation for the presently proposed layout of the basement, requiring the use

of a suitable retention system installed prior to commencing bulk excavation.
The excavations are likely to encounter groundwater seepage requiring some
dewatering during construction and the provision of drainage behind the permanent

basement walls and below its floor.

The proposed building should be founded on the underlying bedrock.
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This report presents the results of a geotechnical investigation for the proposed re-

1 INTRODUCTION

development of the shopping centre at the corner of Rutledge and Trelawney
Streets, Eastwood, NSW. The investigation was commissioned by Mr Bradley Chan
of Eastwood Centre Developments Pty Ltd on the basis of our proposal, Ref:
P14633V and the Short Form Consultancy Agreement. This report amplifies the

preliminary information forwarded on 19 October 2007.

The supplied architectural design brief indicates that it is proposed to construct a
multi-purpose retail and residential building with driveway access from Trelawney
Street. The building will comprise two retail and four parking levels, with two levels
below Rowe Street and three levels below Rutledge Street. There will be up to four
separate residential towers over the podium ranging from two to six storeys. The
basement floor is to have a finished floor level at RL 62.55m. The construction of
the new building will involve the demolition of the several buildings, including the
Eastwood Shopping Centre, and other structures and improvements on the site.
Buik excavation will be required to form the proposed basement, grading from about
6m to approximately 12m (maximum) depth. Presumably, locally deeper excavation
would be required for the lift wells, service trenches and for footings. Column loads

of the order of 3,000kN to 13,000kN have been advised.

Douglas Partners Pty Ltd (DP) have previously undertaken a preliminary geotechnical
investigation at the western end of the proposed development site; details are given
in their report (Project 36766, issued in April 2004). A copy of the borehole logs is
contained in the Appendix to this report. Their investigation comprised two
boreholes to depths between 19.7m and 20.0m below ground surface at that time.
The subsurface profile generally consisted of pavements, fill, clays and shaly clays
which graded into siltstone at approximate 6.7m depth. Further details are

discussed in Section 3.2 of this report.
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The scope of the investigation was to obtain geotechnical information on subsurface

conditions at five additional locations as a basis for comments and recommendations
on earthworks and subgrade preparation, excavation conditions, groundwater,
excavation retention, footings, basement floor slabs, pavements, soil aggressivity

and on any further geotechnical work deemed necessary during construction.

2 INVESTIGATION PROCEDURE

The fieldwork for the current investigation was carried out using our JK250 crawler
drill rig or a Melvelle portable rig, where there was restricted access due to the
present site development. Prior to drilling, the borehole locations were electro-
magnetically scanned for buried services and all concrete surfacing was cored using

a diatube and water flush.

The three boreholes (BH101, BH104 and BH105) were drilled using spiral augers, to
depths between 6.66m to 7.55m below existing levels. These boreholes were then
extended further into the bedrock by rotary diamond coring techniques, using an
NMLC triple tube core barrel with water flush, to termination at depths between

14.13m and 14.30m.

BHs 102 and 103 were drilled initially using a hand auger to refusal, then by rotary
wash boring down to the shale at 7.15m and 6.70m, respectively, after which the
rock was cored to termination at approximately 10m below existing levels. Prior to
drilling, a Dynamic Cone Penetration test was carried out at BHs 102 and 103 to

refusal at 2.69m and 1.96m depth,

The boreholes were drilled at the locations as shown on the attached Figure 1 and
were set out using taped measurements from existing surface features and apparent

site boundaries. The surface RLs shown on the borehole logs were estimated by
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interpolation between spot levels indicated on the provided survey information
shown on Clement & Reid Pty Ltd Drawing No. 17677-1 dated 3 July 2006. The
survey datum is the Australian Height Datum (AHD).

The composition of the subsurface materials was established by logging the
materials recovered from the boreholes. The relative density/strength of the subsoils
was assessed from the Standard Penetration {SPT) ‘N’ values, augmented by hand
penetrometer readings on the recovered split tube cohesive soil samples. The
strength of the underlying bedrock which was auger drilled was assessed by
observation of the drilling resistance when using a tungsten carbide (TC) bit,
examination of recovered rock cuttings, and correlation with moisture content tests.
The strength of the bedrock which was cored was assessed by examination of the
recovered rock core and subsequent correlation with laboratory Point Load Strength

Index testing.

Groundwater observations were made during and on completion of augering and
coring each individual borehole. A 50mm diameter slotted PVC standpipe was
installed in BH101, BH103 and BH105 for long term groundwater monitoring. These
three boreholes were subsequently bailed. The groundwater levels were re-measured
after bailing and after a further 13 days (up to 15 days after drilling). For further
details on the investigation procedure adopted, reference should be made to the

Report Explanation Notes.

Our geotechnical engineer set out the borehole locations, nominated the sampling
and testing, directed the standpipe installation and logged the subsurface profile.
The borehole logs are presented with this report together with a glossary of logging

terms and symbols used.
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Selected disturbed samples were recovered from the site and returned to Soil Test
Services (STS), a NATA registered laboratory, for moisture content, Atterberg Limits,
linear shrinkage, compaction and soaked CBR testing. Another NATA registered
laboratory, Labpoint Pty Ltd carried out chemical (pH and sulphate content) testing
on selected soil samples. The test results are summarised in the attached Tables A
and B and on the Labpoint test report. The rock core was also returned to STS,
where it was photographed and selected sections of core subjected to Point Load
Strength Index testing. The core photographs are attached opposite the relevant
borehole log and the Point Load Strength Index tests are indicated on the borehole
logs and are summarised in Table C. Contamination screening of the site soils was

outside the agreed scope of work.

3 RESULTS OF INVESTIGATION

3.1 Site Description

The surrounding topography is characterised by undulating hilly terrain which falls
away to the north and east. The development site is located on the northern side of
Rutiedge Street and to the east of its intersection with Trelawney Street, on a hill
that slopes at approximately 1° to 3° down to the north. The site is also bounded
by West Parade to the south-east and to the north by Rowe Street and Rowe Street
Mall. In plan, the site consists of a battle axe block incorporating the existing

Eastwood Shopping Centre complex and adjacent shops to the west.

The survey plan, which forms the basis for Figure 1, indicates that ground surface
levels fall from about RL 75.0m on the footpath adjacent to the south-west corner
and RL 73.8m at the south-east corner of the site falling to about RL 69m along the
Rowe Street frontage. An elevated concrete ramp provides access from Trelawney

Street to the car park above the shopping centre.
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At the time of the fieldwork, the site was occupied by several adjoining one and two
storey, brick buildings (shops) and an asphaltic concrete paved car park in the
western portion of the site, and Eastwood Shopping Centre complex, a multi-level
building containing two levels of shopping, with three and four parking levels above
the shopping centre. There is also a commercial tower above the shopping centre in
the north-east corner on the Rowe Street Mall frontage. Based upon a cursory
inspection, the building appeared to be in reasonably good external condition. There

are some trees within and adjacent to the site.

The neighbouring properties to the north-east and north-west contain one and two
storey brick commercial and retail buildings. Some of these buildings are
constructed up to the commeon site boundary. The buildings appeared to be in good
external condition with some minor wall cracks in places. The adjacent single storey
brick {(church) buildings are located to the south-west, with part of the church hall

close to the common boundary.

The adjacent roads are surfaced with asphaltic concrete, generally in good condition.
West Parade is a divided road and its upper carriageway slopes down to the north at
approximately 2° to 4°; Trelawney Street also slopes down to the north at about 1°
to 3°. The lower (West Parade) carriageway, which is located at the toe of a 3m
high concrete retaining wall, runs below Rutledge Street and is adjacent to the Main
North Railway further to the east. A concrete bridge on Rutledge Street passes over
the railway to the south-east of the site. Rowe Street Mall is brick paved with a

pergola {arch} type structure at its eastern end.

3.2 Subsurface Conditions

The Sydney Geological Map shows the area to be underiain by Ashfield Shale, black
to dark grey shale and laminite bedrock, belonging to the Wianamatia Group. There

are no dykes in the immediate site area; however, there is a dyke which runs from
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the south-west to the north-east, around 1km to the south-west. [t is possible that

sub-vertical joints run across the site with a similar orientation.

Reference should be made to the borehole logs for specific details of the variable
subsurface conditions encountered at each test location. Graphical summaries of the
borehole information illustrating the subsurface geology are presented in Figures 2A,

2B and 2C.

In general terms, the boreholes and the previous DP boreholes encountered existing
pavements, shallow, and in places, deep fill over residual silty clays and clays, which
grade into weathered shale/siltstone bedrock at depths between 5.0m and 7.15m
below existing levels. The more pertinent details of the encountered variable

subsurface conditions are presented in the following.

o Asphaltic Concrete {AC), bOmm thick, was encountered at the surface of BHs 1
and 2, The AC was underfain by 100mm of road base in BH1, and by fill in BH2,

+ Concrete, 55mm to 250mm thick, was encountered at the surface of BHs 103,
104 and 10b. In BH104, silty sandy igneous gravel (base material) was revealed
below to concrete overlying silty clay. There was no sub-base material below the
concrete in BHs 103 and 105.

« Fill was encountered from ground surface in BHs 101 and 102 and below the
pavements in BHs 1, 2 and 105 to depths generally between 0.4m and 1.15m or
to 3.8m in BH10b below existing levels. The fill comprised silty sandy gravel,
silty sand, or silty clay of medium to high plasticity and contained varying
amounts of igneous, sandstone and ironstone gravel, slag, brick and metal
fragments. Based on SPT blow counts, the fill was assessed to be variably
compacted, mostly in the poorly to moderately compacted range, and moderately
to well compacted from 1.1m to 2.9m in BH105. The covers the underlying silty
clay. Note that the silty clay from 0.4m to 1.2m depth in BH101 may possibly
be fill.
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Silty Clays and Clays: The residual silty clays and clays were of medium to high
plasticity with varying sizes and proportions of ironstone gravel. These clay soils
were initially moisture affected and of firm to stiff strength to a common depth of
1.2m in BH101 and BH104, to 1.5m in BH102, and to 1.8m in BHs 1 and 2.
Otherwise, the clays were of very stiff to hard strength, with moisture contents
generally greater than the plastic limit. The clays were interbedded with shale
from 50m to 6.76m in BHZ2. The silty clays and clays graded into
shale/siltstone.

Weathered Shale/Siltstone Bedrock: The shale and siltstone was predominantly
distinctly to slightly weathered and of medium to high strength. However, poor
quality (extremely low strength) rock was penetrated at 6.6m in BH104, 6.7m in
BH1, and at 6.8m in BH105. The poor quality shale/siltstone profile contained
iron indurated bands. The underlying shale in BHs 104 and 105 and the siltstone
on first contact in BH2 was of low or low to medium strength to between 7.6m
and 9.2m, then medium or medium to high strength thereafter. Defects within
the cored shale/siltstone comprised occasional, extremely weathered seams
(between 5mm and 30mm thick), clay seams, or sub-horizontal bedding planes,
and several (30° to 90°) joints. The core loss zones in BHs 1, 2, 103 and 105
are inferred to be extremely weathered seams.

Groundwater: The boreholes were ‘dry’ during and on completion of auger
drilling. The use of water within the cored boreholes obscured further
measurements of groundwater levels during and after core drilling. On
completion of drilling, slotted PVC standpipes were installed at four locations,
BHs 2, 101, 103 and 105. Note that groundwater was measured at 4.7m in BH2
about 1 week after drilling; it is not known whether this borehole was bailed after
drilling. In the other boreholes, the drilling water was generally bailed from inside

the standpipe.

Details of the recently installed standpipes and the subsequent groundwater

monitoring are given in Table 1.
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Table 1 — Groundwater Monitoring Results

Standpipe | - -Screen .. ~Bailad Water |-~ -Depths below Ground Surface/Reduced Levels of Groundwater after Bailing
“Location | ‘Dopths beiow | Depth below | 26/08/07 | Z7josio7 | 28iosior | /16/67
. . ) i ::;"-. 'G"-_’_-uﬂd_.*-:'_:.} : Grouncl IZ ..j . E)e.pth. 3 'Appfo_i_" '-D_e.p.th_._. _"Appro.).n.; ;i:).e;;t.h : Appmx " Depth A_pbrox.
SRR N _-._Slar;fés???‘_f“_)_:;_:_' - Surfaco dm) )y | RLgm | md CRLgm) [ m) ] RUmY ) ] RU )
BH1C1 6.2 -14.16 5.45 1.81 69.6 1.20 70.2 - - 0.95 70.5
BH103 7.0-10.0 2.75 NA - NA - 2.06 68.4 1.80 68.7
BH105 6.3~ 143 13.00 13.0 61.3 7.7% 66.6 - - 7.35 66.9

Note that the inflow rate was initially 3 litres per minute into BH101 after bailing
reducing to an average of about 0.5 litres per minute over the first hour of

monitoring.

3.3 Laboratory Test Resuits

The moisture content tests on samples of the rock correlated well with our field
assessment of rock strength. The approximate Unconfined Compressive Strengths
(UCS) of the rock core, as shown on Table C, varied from 8MPa to 38MPa, with an
average of about 129MPa.

The results of Atterberg Limits and Linear Shrinkage tests indicated that the
indicated the natural silty clay is of high plasticity and has a high potential for
shrink/swell movements with changes in moisture content, that is, Class ‘H’ soils in
accordance with AS2870. The four day, soaked CBR value was 3% for the natural

silty clay of medium to high plasticity in BH103.
The soil pH test result indicated that the silty clay sample was acidic with a pH value

of 5.1, which indicates that some measures should be taken to protect buried

concrete in contact with these soils. The sulphate content was less than 50mg/kg.
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4 COMMENTS AND RECOMMENDATIONS

4.1 Summary of Principal Geotechnical Issues and Further Work

Based on the results of this preliminary subsurface investigation carried out, the

principal geotechnical issues for the development are as follows:

. The proposed development will presumably involve substantial changes to the
site including demolition of the existing buildings, retaining walls and other
structures, pavements, and excavations of large volumes of soil and rock.
Good engineering design, construction and maintenance practices should be
adopted to maintain stability to adjoining buildings and structures during
excavation and in the long term, as well as reducing the risk of vibrational
damage to adjoining buildings and structures during excavation.

. The shallowest groundwater levels were observed within the natural silty clay
and clay, possibly as localised flows through permeable gravelly layers, and also
from defects within the shale/siltstone above the proposed basement. Hence,
excavations are likely to encounter groundwater seepage requiring some
dewatering during construction and the provision of drainage behind the
permanent basement walls and below its floor. Monitoring of groundwater
levels in the standpipes should continue during both the design and
construction phases.

. The proposed building of moderate to high loads should be founded on the
underlying bedrock. Where bedrock is exposed or at shallow depth after site
earthworks, pad or strip footings may be used, but piles will be required where

the depth to rock is deeper than about 1.5m.

Further comments on the above and other issues are provided within the following
sections of this report are based on seven boreholes distributed throughout the site,
where access permitted. Due to the variability encountered already on the site, we

recommend that further boreholes be drilled once access is made possible to provide
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further information on depths to reasonably good quality shale/siltstone around the

basement perimeter. This investigation could be better focused on the information
required once the design is further advanced and a preferred excavation support and
foundation solution is identified. The recommendations given in the following
sections may require review and possible amplification, once the design is further
advanced. A summary of additional geotechnical work recommended are provided in
Section 5. It will be essential during excavation and construction works that regular
geotechnical inspections be commissioned to check initial assumptions about
excavation and foundation conditions and possible variations that may occur
between inspected and tested locations and to provide further relevant geotechnical
advice. Irregular or ‘milestone’ inspections by a geotechnical engineer are often not
adequate for excavation, shoring and foundation works. It is recommended that the
Client be made aware of the need to commission a geotechnical engineer for regular
frequent inspections. The comments provided in this report should be reviewed
following these inspections. A meeting of the design team may be of benefit in

order to discuss the geotechnical issues and solutions in more detail.

4.2 Dilapidation Survey and Adjacent Buildings

Construction of the proposed basement levels will require bulk excavation to depths
of about 6m to 12m below existing levels. The proposed excavation will occupy the
whole site. The perimeter of the excavation will be immediately adjacent to the
existing buildings to the north-east and west and footpaths in West Parade, Rutledge

and Rowe Streets.

Prior to commencement of construction, we recommend that dilapidation surveys be
carried out the neighbouring buildings and structures within about 12m to 15m of
the excavation perimeter. These surveys would provide a record of existing
conditions prior to commencement of the work. A copy of the reports should be

provided to the adjoining property owners who should be asked to confirm that they
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represent a fair assessment of existing conditions. They can also be used for
assessment of potential damage claims. These reports should be carefully reviewed
prior to excavation commencing; in particular, the size/energy of the impact breakers
should be considered. We can complete these dilapidation surveys if you wish to

commission us.

During the excavation, every care should be taken not to undermine or render

unstable the footings of any adjoining structure.

Details of the neighbouring buildings to the north-east and west are unknown to us
and should be checked from available records. Presumably, these one and two
storey buildings are supported on conventional high level footings founded in the
natural silty clays and clays; however, this should be confirmed by excavating test

pits to expose the building footings and their foundations.

4.3 Excavation

4.3.1 Excavation Methods

An assessment of the excavation characteristics of the various strata is presented in
the following. The excavatability of the shale/siltstone and the selection of
appropriate excavation equipment have been assessed on the basis of the rock core
strength and limited information on the nature and inclination of rock defects.
Assessment of excavation characteristics and productivity is not an exact science
and contractors must make their own evaluation based on experience with specific

equipment.

Following demolition of the existing buildings, excavation and removal of pavements,

old footings, slabs, services, etc will be required. The underlying fill and soils should
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be readily excavated by conventional earthworks plant (eg small to medium

excavator, dozer blade, etc}.

Excavation in very low to low strength shale/siltstone could easily be achieved using a
Caterpillar D7 tractor or equivalent, probably with some light to medium ripping.
Much of this material can probably also be excavated with a large excavator bucket;
localised stronger bands/zones may require heavy ripping or the use hydraulic rock
hammers. However, excavation through the shale/siltstone, which is expected to be
predominantly of fow to medium strength or stronger, will present hard ripping or

“hard rock” excavation conditions.

Due to the close proximity of adjoining buildings, our recommendation would be to
excavate within the low to medium strength bedrock with rock saws, then by ripping
tynes on medium to heavy excavators or dozers. Rock grinder attachments on
medium to heavy hydraulic excavators could be used but productivity with rock

grinders would probably be low.

We expect that excavation of the medium to high strength or stronger rock will more
difficult, requiring large rock saws in combination with heavy ripping using
Caterpillar D11 or Komatsu D475A dozers., A generous allowance should be made for
rock hammer assistance to the ripping, especially where rock defect spacing (bedding
and cross bedding, joints, etc) is greater than about 0.5m. Hydraulic rock breaking
equipment would also be required for detailed excavations such as footings or
services. An assessment of excavation methods should be made by the excavation
contractor, preferably after inspection of the rock cores {we only store these for one
month after the formal report is issued uniess other arrangements are made). The
ease with which excavation of rock is achieved depends upon the equipment used,
the skill and experience of the operator and the characteristics of the rock. The

contractor must make his own judgement on all of these factors.

Last printed 1/11/2007 4:53:00 PM



Ref: 21570VTrpt

Page 13
4

4.3.2 Potential Vibration Risks

Use of heavy rock breakers will cause noise and vibrations. Such vibrations should
be closely monitored by the site superintendent. We recommend continugus
electronic vibration monitoring (i.e. measurement of peak particle velocities) be
carried out on this site during the period of excavation. Monitoring points should be
set up on adjoining buildings. These monitoring points should have a warning light
system incorporated to show when vibrations have exceeded allowable limits. As an
initial guide, we recommend that peak particle velocities should not exceed 5mm/sec
on adjoining buildings and structures (see attached Vibration Emission Design Goals
sheet}). This limit of vibrations should be reviewed once dilapidation reports have
been completed to confirm that they are still suitable. By monitoring vibrations in
this way, it will allow some freedom to the excavation contractor in the equipment
he adopts, so that a balance can be made between productivity and vibration

reduction.

Vibrations induced by excavations can be reduced by alternative methods such as
the following. Due to the depth of excavation and the close proximity of the
adjoining buildings, one or more of the following methods will be required during

excavation.

¢ Start the rock excavation away from likely critical areas.

* Maintain rock hammer orientation into the face and enlarge excavation by
breaking small wedges off faces.

e Operate hammers in short bursts only, to prevent amplification of vibrations.

» Use smaller equipment (offset by a loss in productivity and economy and greater
duration of the nuisance).

e Excavate a cut off trench around the site to reduce vibrations from excavation
activities; this can be done progressively with the rock saw.

* Use line drilling, especially along boundaries, to aid breaking and trimming.

Last printed 1/11/2007 4:63:00 PM



Ref: 21570V Trpt

Page 14
¢

As a very general guide, where adjoining buildings are about 1m or so from the

boundary, we have found on other sites that grinders or rock saws are typically
required within about 3m of the site boundaries. However the distance is very
dependent on specific rock characteristics at each site, the equipment used and the

condition of adjoining buildings, therefore vibration monitoring is essential.

In addition, we recommend that only excavation contractors with appropriate
insurances and experience on similar projects be used. The contractor should also
be provided with a copy of this report to make his own judgement on the most

appropriate excavation equipment.

4.3.3 Groundwater

All seven boreholes remained ‘dry’ during and on completion of auger drilling.
Subsequent monitoring after bailing of water used during coring, indicated
groundwater levels at 0.95m depth (RL 70.5m) in BH101 and 1.8m (RL 88.7m) in
BH103, probably through permeable gravelly layers in the natural silty clays, or from
defects within the shale bedrock at 7.356m (RL 66.9m) in BH105, which is above the
proposed basement level of RL 62.55m. It is recommended that further
measurements be made within the standpipes to provide a better assessment of the
long term groundwater leve! fluctuations. Notwithstanding, it is apparent from the
groundwater monitoring undertaken so far that drainage will be required both during
construction and in the long term behind all retaining walls and below the basement

floor slab.

Nevertheless, the subsurface profile as a whole is composed of relatively low
permeability strata (residual silty clay and clay and shale/siltstone bedrock). The
infiltration rate through the soils and into the proposed excavation is dependent on

many factors including subgrade variability (eg gravelly or sandy layers in the clays,
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old root holes, fissures, etc), the applied head of water, changes in moisture and
density throughout the subsoil profile. The excavation in the shale/siltstone would
also expose joints, bedding partings and other defects, which we surmise exist, both
in the excavated rock face and the basement floor; seepage may flow through these
defects, especially during wet weather periods. The groundwater may well be higher

and more extensive following heavy rain.

in summary, our opinion is that a conventional sump and pump system is likely to be
suitable during construction. Initially, flow through open joints in the rock may be
high but these are expected to lessen considerably with time as the surrounding rock
mass is drained. We recommend that careful monitoring of seepage be implemented
during the excavation works to confirm the capacity of the drainage system. We do
not consider that there is a likelihood of the construction of the basement causing
significant interference to the groundwater flow nor it being untowardly affected by
the groundwater provided proper drainage systems are designed and installed by a

qualified hydraulic/drainage engineer.

Given the depth of the proposed excavation, our preference would be to provide a
drainage layer (and/or ‘rock-saw’ slots cut into the shale/siltstone floor) below the
basement slab to safeguard against the possibility of flooding and groundwater
pressure causing an uplift pressure. This drainage could be incorporated with the
wall drainage (if constructed) or perimeter open drains around the basement. As a
guide for preliminary budgeting purposes only, allowance should be made for a free
draining gravel bed, 300mm thick, with 100mm diameter slotted pipes on say a 4m
grid. We recommend that the groundwater management system be designed by the
hydraulic/drainage engineer. Note that the groundwater monitoring results are given
in Table 1 {in Section 3.2). The drains should incorporate a sump and automatic fail-
safe pump system for discharge of collected seepage to the stormwater system.

Otherwise the floors would have to be designed for hydrostatic uplift pressures.
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Appropriate waterproofing and drainage will be required for the permanent walls in

contact with the excavated areas.

4.4 Excavation Support

4.4.1 Batter Slopes and Treatment

Temporary excavations in the fill, soils and any poor quality (extremely low to very
low strength) rock will collapse if cut vertically and should be supported by a suitable
retention system installed prior to commencing with bulk excavation. It is very
unlikely that it will be possible to form temporary batter slopes around the sides of

the excavation for the presently proposed layout of the basement.

We would normally recommend that the excavations in the silty clay fill in at least a
moderately compacted state, silty clay of at least very stiff strength and extremely
low to very low strength shale/siltstone may be battered at 1 Vertical (V) in 1
Horizontal (H). Low strength shale/siltstone may be cut at 1V in 0.75H; batters in

stronger rock are discussed in Section 4.4.2,

Surcharge loadings (footings, vehicles, etc) should not be within the zone of
influence of the excavation. As a guide, surcharge loadings should be no closer than
2H from the top of any batter or the face of any excavation {including footing
excavations}, where H is the vertical height of the batter or depth of the excavation

in the fill, silty clay and low strength or weaker shale/siltstone.
Flatter batters may be required in the sandy fill and clays of stiff strength or weaker

or where groundwater seepage is encountered. Where possible, water should be

drained away from batter slopes and prevented from discharging over batter faces.
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Permanent batters would need to be flatter {that is, no steeper than 1V in 2H} and

protected from erosion by vegetation or other means.

4.4.2 Unsupported Rock Faces and Treatment

Good quality shale/siltstone of at least medium strength may be cut to a temporary
batter of about 1V in 0.25H or possibly vertically and the face left temporarily

unsupported.

The stability of battered cuts or near vertical cuts, even in good quality, medium
strength or stronger bedrock, must be subject to confirmation by an inspection by a
geotechnical engineer. No excavation face should be allowed to advance more than
1.5m vertically between inspections and the excavation should be staged or stepped
so that a whole face is not excavated 1.5m vertically between visits. [f adverse
defects are identified by the geotechnical engineer during the inspections, then
stabilisation or flatter batters will be required. Such treatment can be necessary due
to the presence of adversely orientated defects or zones, which may form
continuous planes of weakness, such as inclined joints, affecting the stability of
unsupported rock faces. QOur assessment of site conditions is based only on the
boreholes, which only provide a very limited sample of the shale/siltstone. Our

preference would be to commence the rock excavations well away from the

perimeter of basement to allow for the identification of potential larger scale

instability (continuous joints can be as flat as 40° to 50° and run in north-
west/south-east or north-east/south-west directions} that occasionally exists within
shale/siltstone bedrock. Should these joints exist, flatter batters (possibly of the
order of 1V in 1H or flatter) or large capacity rock anchors can be required; the cost
of the latter would be relatively high and delays to the excavation process with

consequential cost implications would occur,
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As there appears to be only occasional defects in the medium to high strength
shale/siltstone, the face may be protected by dowels, mesh and shotcrete or the
permanent basement walls. The extent of shotcrete to temporarily protect the rock
faces prior to construction of the permanent walls should be confirmed during the
geotechnical inspections. Stabilisation may also require the use of rock bolts, mesh
and/or shotcrete protection to support the large blocks or other rock face areas. It
would be unusual to complete such an excavation without some form of support

being required to the rock faces, though this may take forms other than rock bolting.

The permission of adjoining property owners, to install rock bolts below their
property, should be obtained in advance of construction in order that there is no

delay in providing support should adverse conditions be encountered.

Any potentially unstable blocks in the exposed shale/siltstone face should be clearly
identified with paint markings so that proposed remedial work can be easily
communicated to, and undertaken, by the contractor. We expect that face works

probably need to include the following:

+ Scaling down of some small blocks using a crowbar etc.

« In critical areas of the rock face, localised support {eg shotcrete, rock bolts,
dowels, buttresses) may be required.

+ Mesh may need to be draped and fixed to the face to prevent small blocks from

falling and endangering site personnel during construction.

A moderate provision for rock bolting and shotcrete and mesh should be included in
the Contract Documents. These works can be nominated following the geotechnical
inspections. For preliminary budgeting purposes, our best guess would be to allow
for installing rock boits, on say a 2m grid, to support around 10-15% of the exposed
rock face. The rock bolts would possibly be 2m to 5m long hot dipped galvanised

24mm diameter bars, installed in 75mm drill holes, threaded at the heads and fitted
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with galvanised square anchor plates, spherical washers and nuts. Other measures

could be required.

If permanent rock-bolts are to be avoided, then stabilisation works must be designed
such that propping from the main structure is possible as the construction

progresses.

Where space permits, the retaining walls would then be constructed at the toe of the
temporary batters or vertical cuts and subsequent backfilling undertaken. Caution
will be required during backfilling to prevent over compaction adjacent to retaining

walls and thereby causing excessive forces on the walls.

4.4.3 Shoring Systems and Retaining Walls

A suitable method of retention to support vertical cuts, prior to bulk excavation,
would be bored cast in-situ or augered, grout injected (CFA), soldier pile walls with
infill panels where movement is not of concern, or alternatively, contiguous pile
walls. Construction of the contiguous pile walls should be of high quality, taking the
uttermost care to prevent soil loss through gaps that may occur between the piles as
this would add to the possibility of settlement occurring outside the excavation.

Such gaps should be rectified without delay, such as by mass concrete infill.

Conventional driven sheet-pile walls would not be suitable as there is a need to

minimise noise and avoid ground vibration damage to the neighbouring buildings.

We advise that cantilevered walls may be used for supporting retained heights of
around 3m to 4m and only where some higher lateral and vertical movements of
adjoining ground can be tolerated. If greater height walls are required, or, where
only minimal movements can be tolerated, then anchored or propped walls would

normally be required.
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All soldier piles of the shoring walls should be taken down and embedded below the

basement excavation. The piles of the contiguous pile walls should be founded at
least 0.3m into shale/siltstone of medium to high strength and below this it would
generally be possible to excavate an unsupported vertical rock face, provided at least
some piles in contiguous pile walls {eg. at say around 2.5m to 3m intervals) are
taken down below the basement excavation. The magnitude of building loads
carried by the perimeter walls may affect the quality of the rock on which the

shoring must be founded.

Anchors or props will be required at the base of the walls founded above a vertical
shale/siltstone rock face to provide the required lateral stability; the construction
sequence must be carefully evaluated to ensure adequate horizontal restraint
throughout the process. A ‘hold’ point on excavation should be implemented once
the bases of the retaining piles are reached to allow inspection of the rock by a
geotechnical engineer prior to continuing with the bulk excavation. Poorly

constructed piles or piles terminated on poor quality rock would require underpinning.

Care must be taken during rock excavation not to over-excavate the rock foundation
supporting the toe of the shoring system. It is highly desirable for there to be an

offset to the cut face below the piles to give some “construction tolerance”.

Props or anchors will also be needed to restrain the upper sections of the walls and
these must be installed progressively and immediately once the propping point has
been uncovered, and prior to excavation adjacent to neighbouring structures and
sensitive services which are located within the 2H zone of influence of the

excavation perimeter {discussed in Section 4.4.1).

Drilling of rock sockets will be difficult through the iron indurated bands and medium

to high strength rock requiring the use of heavy drilling rigs equipped with rock

Last printed 1/11/2007 4:563:00 PM



Ref: 21570V Trpt
Page 21

X

augers. Some groundwater inflow is expected into bored pile footings and we
expect that this inflow will be controllable by conventional pumping methods.

Alternatively, concrete may be poured using tremie methods.

Along the Rutledge Street frontage, it may be possible to retain the existing
basement walls to maintain support for the footpath and road, if they are founded on
competent shale/siltstone. However, details of these basement retaining walls and
footings are unknown to us and must be checked both for strength and stability, by
the structural engineer. This would require a review of available records or
alternatively, test pits should be dug to expose the existing footings and on what
they are founded. This review should be carried out prior to finalisation of the
structural drawings. If not founded on competent rock, the existing wall should be
underpinned to found in the underlying shale/siltstone of at least medium strength
and of adequate bearing capacity. The underpinning may be installed into vertical
slots of Tm to 1.2Zm maximum width cut into the rock. We recommended that the
construction of the underpinning be carefully sequenced using hit-miss-construction
techniques. The underpinning should be designed for lateral earth pressures, any
surcharge loadings and hydrostatic pressures. [t may well also be necessary to
provide lateral restraint in the form of props or anchors if the ground in front of the
wall is removed; the strength and stability of the existing wall and the need for

anchors/props should be checked by the structural engineer.

Detailed construction supervision, monitoring and inspections will be required during

the piling and subsequent excavation.

We recommend that only experienced contractors be considered for excavation

works and wall construction.
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4.5 lateral Earth Pressures

Design of cantilever retaining walls may be on the basis of an ‘active’ lateral
pressure coefficient, K., of at least 0.3b for the fill, clayey soils, extremely low
strength shale/siltstone, provided some deflection is tolerable. The K value may be
reduced to 0.2 for shale of at least very low strength rock. A bulk unit weight of
20kN/m?® for the soils and 22kN/m® for any extremely low to very low strength rock
may be adopted. Walls which are to be subsequently propped by the permanent
structure (e.g. by the upper ground floor slab) should be designed based on a higher
lateral pressure coefficient, K, of at least 0.6 {or 0.4 for very low strength rock}.
The good quality shale/siltstone of at least low strength can be taken to be self-
supporting and no 'K' values need to be taken into account; this should be confirmed
during geotechnical inspections during construction. These coefficients assume

almost horizontal ground surfaces behind the crest of the walis,

For propped or anchored walls, we recommend the use of a trapezoidal lateral earth
pressure of at least 4H {(kPaj, where H is the retained height in metres in the soils
and poor quality shale/siltstone. For propped or anchored walls in areas, which are
highly sensitive to lateral movement (such as adjacent to neighbouring building
footings located within 2H metres of the excavation}, a trapezoidal lateral earth
pressure of at least 8H (kPa) should be used. These 4H and 8H pressures shouid be
assumed to be uniform over the central 50% of the full, retained height in the soils
and poor quality shale/silistone. Alternatively, more sophisticated computer based
shoring design (such as Wallap) generally results in cost savings compared to
designs based on simplified assumptions regarding earth pressure distributions.
These detailed numerical analyses can model the progressively anchored or propped
shoring walls as they are constructed. The geotechnical design parameters for the
various strata nominated in Table 2 may be adopted to confirm the minimum depth
of embedment of the wall toe and the likely order of magnitude of wall movements

during the various phases of construction when using Wallap.
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Table 2 — Wallap Wall Design Parameters

CStrata, 0 b Bulk Unit | Undrained - | Angle of internal . | Poisson’s ‘| :Elastic Modulus
: BTN : Weight - - Cohesion | Friction {degrees) 1 ’Ratio L v . 1.(M_P_ai-_ S
ST : AT, .ﬁ"(kN'lhlB)'-"-'_' CkPa) |

Existing Fill - silty sand, silty clay 18 0 2b 0.3 H-8

assessed to be poorly to moderately

compacted

Silty Clay/Clay — firm to stiff 18 30 - 50 0 0.35 510
{0 - 5) 120)

Silty Clay/Clay - stiff 19 80 - 100 0 0.25 10-156
{0 -5) {20 - 25}

Silty Clay/Clay ~ very stiff 20 150 - 180 0 0.25 20 - 25
(0 - 10} {25 ~ 30)

Silty Clay/Clay - hard- N ) 20 200 - 250 0 .25 30 - 35
ETe) {25 - 30)

Shale/Siltstane -~ extremely  low 22 300 35 0.25 100 ~ 150

strength with iron indurated bands

Shale/Siltstone - low strength 23 10CG0C 40 .25 400 - 500

Shale/Siltstone -~ low to medium 23 1600 40 0.2 500 - 700

strength

Shale/Siltstone — medium or medium to 23 3000 45 0.2 1000 - 2000

high strength

Note - for undrained analysis, adopt modulus values towards the higher end of the
range for the clays.
- for long term conditions, adopt bracketed values of cohesion and friction.

The recommended lateral earth pressure coefficients and trapezoidal pressures assume
almost horizontal ground surfaces behind the crest of the walls. If inclined backfill
surfaces are to be designed, then the above factors would have to be increased or the

inclined section of backfill should be taken as a surcharge load in the design.

Applicable hydrostatic pressures should be added to the lateral earth pressures,
unless specific measures are taken to introduce complete and permanent drainage of
the ground behind the walls. Any surcharge affecting the walls (e.g. footings,
retaining walls and their backfill, the ground slope behind the wall, etc.) should also

be considered in the design.
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Lateral toe restraint can be calculated using a triangular earth pressure distribution
with a ‘passive’ earth pressure coefficient, Kp, of 3 for silty clay and clay of at least
very stiff strength (but with a factor of safety of at least 2 to limit deformations},
assuming horizontal ground in front of the wall. The passive pressure due to the
upper 0.3m below bulk excavation level should be ignored in the analysis to take

excavation tolerances into account.

For wall footings fully embedded into the underlying shale/siltstone bedrock below
the building basement floor level, an estimated allowable lateral toe resistance of
350kPa may be adopted for rock of at least low strength. The lateral stress may be
increased to 1200kPa for the medium strength or stronger shale/siltstone. These
passive resistance values assume excavation is not carried within the zone of
influence of the wall toe and the rock does not contain unfavourable defects etc.
The upper 0.3m depth of the socket should not be taken into account to allow for

disturbance effects during excavation.

Anchors bonded into at least medium strength shale/siltstone bedrock, may be
designed based on a maximum allowable bond stress of 400kPa. All anchors should
be proof loaded to at least 1.3 times their working load. Anchors must be bonded
behind a 45° line drawn upwards from the base of the excavtion. Anchor group
interaction must also be taken into account. Permanent anchors should have

appropriate corrosion provisions.

4.5.1 Excavation Induced Movements

It is inevitable that the excavation will induce movements of the adjacent ground that

falls within the area of influence of the excavation.

Lateral and horizontal movements could occur within about 2H back from the

anchored/propped wall. With a less rigid support system, excavation induced
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movements should be expected to be of a higher order. Settlements may also be

caused by the wall construction itself (e.g. loss of ground during anchor drilling, etc).

As excavation of the rock progresses, the rock mass will also tend to move inwards
towards the excavation along bedding planes, clay seams, etc. as it is stress relieved.
With increasing depth of excavation, the bed undergoing excavation will also drag
overlying beds with it as the lower bed moves towards the excavation. The extent of
movement will depend on the strength of the rock between the bedding planes and
the spacing of joints or other defects. As the beds move inwards, joints, etc. will
start opening behind the excavated face and any structures on or in the rock also
move. These stress-relief movements will decrease away from the excavated face,

however, their magnitude will increase as the depth of excavation increases.

Experience with excavations in residual clay and poor quality (extremely low to very
low strength shale/siltstone indicates that lateral and vertical ground movements of
around 2 to bmm/m of excavation depth may occur, mostly as a result of stress
relief, and depending on the rigidity and construction practice of the shoring system.
In the medium strength shale/siltstone, these movements may be of the order of
Tmm/m of excavation depth. The extent of influence may be defined as extending a

horizontal distance from the excavation equal to at least twice the excavation depth.

It may not be practicable to prevent significant vertical and lateral ground
displacements immediately beyond the limits of the excavation, so the effects of the
inevitable excavation induced movements on the adjoining buildings and structures

and also on the permanent structure should be assessed.

The objective with properly engineered retaining walls is to keep the adjacent ground
movements within tolerable limits. The actua!l wall movements are highly dependent
on the construction sequence, detailing and quality of installation, and should be

closely monitored in critical areas. The extent of significant influence can be defined
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as extending a horizontal distance from the excavation perimeter equal to twice the
excavation depth. Hence, any existing adjoining structures, or buried services,
which fall within this area of influence of the excavations, should be assessed for
risks of damage due to excavation-induced movements and whether underpinning is

required.

It is likely that neighbouring buildings are founded on high level footings but this has
not been confirmed. If this is found to be the case, the footings may need to be
underpinned down to the underlying weathered shale/siltstone of at least low
strength (but not less than that required to support the underpinning loadings) prior
to construction of the contiguous pile wall. We recommended that the construction
of the underpinning be carefully sequenced and constructed progressively, if
necessary using hit-miss-construction techniques. The underpinning should be
designed for lateral earth pressures, any surcharge loadings and hydrostatic

pressures.

The risk of architectural or structural damage to adjoining buildings will depend on
their sensitivity to horizontal and vertical deformations, structural load, iype and
founding elevations of the floor slabs and footings and foundation conditions. All
these factors should be carefully investigated and evaluated prior to excavation

commencing.

in addition, we recommend that an excavation/retention methodology be prepared
prior to bulk excavation commencing. The methodology must include but not be
limited to proposed excavation, retention and underpinning techniques, the proposed
excavatiocn equipment, excavation/retention/underpinning sequencing, geotechnical
inspection intervals or hold points, vibration monitoring procedures, monitor
locations, monitor types, contingency plans in case of non-compliance. Preferably,

this methodology should be shown on the structural engineer’'s drawings. The
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excavation/retention/underpinning methodology should be reviewed and approved by

the geotechnical engineer.

4.6 Footings

Following bulk excavation, shale/siltstone will be exposed over most of the
basement. It is recommended that all footings for the building and retaining walls be
founded within the shale/siltstone to provide uniform support and reduce the
potential for differential footing settlements. Pad and strip footings or bored (cast-in-
situ or augered grout) piles may be designed for the maximum allowable working end
bearing pressures at the indicative founding levels tabulated in Table 3. Rock
sockets below the indicative founding levels specified in Table 3 may be designed for
safe adhesion values of 10% of the appropriate safe bearing pressure under
compressive vertical loading {ie provided excavation is not carried out within the

zone of influence of the footing).

Table 3 - Footing Bearing Pressures and Depth

. Borehole. | Depth below Existing | Depth below Existing | - Depth below Existing

_ Number | Ground Level/Reduced | Ground Level/Reduced | Ground Level/Reduced

Levelfor Safe Bearmg '-

| Level for Safe Bearing | Level for Safe Bearing |
.~ Pressure of 6.0MPa

| ‘Pressure of 1.0MPa | Pressure of 3.5MPa

| Depth | Approx. | Depth | Appiox. | Depth | Approx.

1 7.3 66.8 7.3 66.8 8.0 66.1

2 7.1 66.7 7.7 66.1 10.1 63.7
101 5.3 66.1 6.5 64.9 6.8 64.6
102 7.2 62.4 7.2 62.4 7.2 62.4
103 7.0 63.5 9.0 61.5 9.0 61.5
104 6.9 63.1 8.2 61.8 8.2 61.8
105 7.0 67.3 8.6 65.7 10.2 64.1
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Where the footings are founded close to a steeply inclined or vertical rock face, the
allowable bearing pressure below these footings will need to be carefully assessed.
The safe bearing pressure would need to take into account rock strength, bedding,
jointing and the influence of clay seams as well as the magnitude and inclination of
the applied loadings. Inspections by a geotechnical engineer of each exact, footing
affected rock area should be requested to assess its quality and make a judgement

on final design pressure.

If the designer wishes to adopt the limit state design methods, such as in the Piling
Code, AS52159-1995, then the ultimate values of end bearing pressure and lateral
stress {refer to Section 4.5) may be estimated by multiplying the recommended
allowable values in Table 3 by Factors of Safety of 3. A Factor of Safety of 2
should be applied to the shaft adhesion values. We recommend that the ultimate
values be multiplied by a geotechnical strength reduction factor, g, of 0.5. Higher
reduction factors may be adopted but these will depend on the intensity and type of
proving of the footings and their foundation. Appropriate load factors should also be

applied to the proposed footing loadings.

The allowable bearing pressures given in Table 3 are based on a serviceability criteria
of deflections at the footing base/pile toe of less than or equal to 1% of the least
footing dimension (or pile diameter). Footings on rock can also be designed using
‘Limit State Design’ principles as detailed in the paper “Foundation on Sandstone and
Shale in the Sydney Region’ by Pells, Mostyn and Walker, Australian Geomechanics,
Number 33, Part 3, December 1998 (Pages 17-29). It must be emphasised that the
use of limit state design to adopt relatively high bearing pressures {(above the
serviceability criteria described above) is not currently standard practice, and there is

an increased risk of inadequate footing performance.
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For earthquake design (in accordance with AS1170.4), we recommend an
acceleration coefficient of 0.08 and a site factor of 0.67 be adopted as the building

will be founded in shale/siltstone bedrock of low strength or stronger.

We recommend that all footing excavations be checked and approved prior to

concrete being poured.

In addition to inspection, the sandstone foundation under footings designed using a
safe bearing pressure of 6MPa or higher would require additicnal proving. At least
30% of footing locations should be spoon tested by a geotechnical engineer or core
drilled. The testing of individual footing locations should be carried out to a depth of
at least 1.5 times the footing width or 2.5m, whichever is the lesser, below the
footing base to confirm that defects are within allowable limits. The presence of
significant defects would require a reduction in the allowable bearing pressure or an
increase in founding depth. For spoon testing of bored piles, personnel must be able
to safely descend the pile excavation, which means that appropriate casing and
other safety equipment would be necessary, together with a minimum pile diameter
of 900mm. Personnel would also require appropriate training to work in such
locations. If this is not possible then we recommend the core drilling of the
foundation rock prior to footing excavation, using truck mounted rig equipment with

appropriate diamond coring equipment,

If bearing pressures of the footings were limited to 3.5MPa then only inspection by a
geotechnical engineer of the exposed rock foundation would be required (i.e. no core
drilling or spoon testing at individual footing locations). We can assist with future

geotechnical inspections if you wish to commission us at the appropriate time.

For piles socketed into the shale/siltstone, we recommend large capacity drilling rigs
with rock drilling equipment be used to drill the piles. The proposed piling contractor

must therefore be given a copy of this report to ensure that appropriate equipment
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with sufficient power is brought to site. Piles should be poured immediately or at
the very latest, on the same day, as drilling, cleaning and inspection. Special tools
should be used to roughen the sides of load bearing pile sockets in the rock. Some
groundwater seepage can be expected during the construction of piers and we
recommend that trials should be undertaken to confirm piers can be successfully
constructed at the site, otherwise augered, grout injected piles should be used. Piers
should be dewatered (by conventional pumping methods)} prior to concreting or the

concrete may be poured using tremie methods.

The initial stages of footing excavation/drilling, particularly if bored piles are adopted,
should be inspected by a geotechnical engineer/engineering geologist to ascertain
that the recommended foundation material has been reached and to check initial
assumptions about foundation conditions and possible variations that may occur
between borehole locations. The need for further inspections can be assessed

following the initial visit.

4.7 Basement Car Park Slab

Shale/siltstone is anticipated to be exposed over most of the proposed basement
excavation and no special treatment is generally required other than the removal of
loose and softened material. Areas, which have to be built-up to infill low points in
the excavation should be filled with properly compacted sub-base material (see
Section 4.8.2). Although we expect that some under-floor drainage will be required,
this should be reviewed following further monitoring of groundwater seepage during
and on completion of the excavations. The under-floor drainage {such as perimeter
drains, ‘rock-saw’ slots cut into the shale/siltstone floor and/or a free draining gravel
bed) should be installed with sumps for gravity or automatic pumped discharge of
groundwater. If under-floor drainage is not installed, then the on-ground floor siab
will be subjected to uplift pressures from the groundwater; this may require

additional mass or ground anchors,
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If natural silty clays and clays are encountered at basement level, for example,

possibly towards its north-east corner, the basement floor slab may be designed as a
fully suspended structure founded on the shale/siltstone or alternatively, it may be
supported on the clayey subgrade; the latter is discussed further in Section 4.8,
Note that sections founded on the clay must be separated form sections founded on

the shale/siltstone.

The basement floor slab, where subject to traffic loadings, should have a sub-base
layer of at least 100mm thickness of crushed rock to RTA QA specification 3051
(1994} unbound base material (or equivalent good quality durable fine crushed rock)

which is compacted to at ieast 100%SMDD.

4.8 Floating Slabs and Pavements

The on-ground floor slab for the buildings and pavements may be founded on the
engineered fill or the proof rolled clayey subgrade on condition that the subgrade is
prepared in accordance to the recommendations provided in Section 4.8.1 and
4.8.2. The design of pavements will depend on subgrade preparation, subgrade
drainage, the nature and composition of new fill imported to the site, as well as

vehicle loadings and use.

Lightly loaded “floating” on-ground floor slabs (with floor loadings less than 5kPa)
and pavements may be designed using a lower bound characteristic CBR value of
3% or a coefficient of subgrade reaction of 30kPa/mm {750mm plate} or a long term
Young's modulus of 15MPa for the proof rolled and/or treated clayey subgrade,

which is prepared in accordance with recommendations given in Section 4.8.1.

On-ground floor slabs for the proposed building founded on the proof rolled and

treated residual silty clays and clays should be incorporated in a stiffened slab or raft
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footing system designed to allow for movements in any underlying fill or silty clays
and clays, which will generally have a high shrink/swell potential “Class H” in
accordance with AS2870. Slabs constructed over the engineered fill or clayey
subgrade must be isolated from slab sections founded on the shale/siltstone. On-
ground floor slabs subject to traffic loadings should be supported on a sub-base layer
of RTA Specification 3051 unbound or equivalent good quality crushed rock,
compacted to a density of at least 100% SMDD.

We have not carried out a traffic survey, however, vehicular traffic is presumably to
comprise mainly cars and delivery trucks; occasional garbage trucks, etc may also
use the area. Table 13.7.3 of APRG Report No. 21 {1998) “A Guide to the Design
of New Pavements for Light Traffic” recommends a design traffic loading of 3.5 X
10° ESAs for roads (with an Annual Average Daily Traffic of 1200 with up to 6% of
vehicles with a gross vehicle mass in excess of 3 tonnes) for the tratfic over the 40
year (assumed) design life. Therefore, if the traffic intensity is higher than allowed
for, then the life of the pavement would be reduced. This adopted ESA is indicative
only and should be confirmed by the traffic engineer. It should also be modified to
allow for the effects of heavy forklifts and delivery trucks driving, turning and

manoeuvring.

Figure 13.8.2 {A) of the APRG report indicates that a total pavement thickness of
around 520mm would be required for this assumed design traffic loading of 3.5 X
10° ESAs and CBR value of 3%. This ESA would result in the following pavement

tayer thicknesses:

40mm Asphaltic Concrete, compacted in two layers

over 150mm Base Class DGB20
over 330mm Sub-base Class DGS20 or DGS40
over silty clay subgrade
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All upper (base} course should be crushed rock to RTA QA specification 3051
{1994} unbound base and compacted to at least 100% of Standard Maximum Dry
Density. All lower ({sub-base) course should be crushed rock to RTA QA
specification 3051 (19924} unbound base or ripped/crushed sandstone with CBR
greater than 40% maximum particle size of 60mm, well graded and Plastic Index
less than 10. All lower course material should be compacted to an average of no

less than 100% of SMDD, but with a minimum acceptance value of 98% of SMDD.

For rigid pavement design, Table 13.9.5 of APRG report gives a concrete pavement
thickness of 210mm for concrete with a flexural strength of 3.5MPa, an assumed
equivalent design traffic of 1.5 X 10° CVAGs, and a CBR of 3%. Concrete
pavements should be supported on a sub-base layer of at least 100mm of RTA
Specification 3051 unbound base or equivalent good quality crushed rock,

compacted to a density of at least 100% SMDD.

Pavement levels will need to be graded to promote rapid removal of surface water so

ponding does not occur on the surface of pavements.

Concrete pavements should be provided with effective shear connection at joints by
using dowels or keys. Concrete pavements should preferentially be used in areas

where heavy vehicles manoeuvre such as garbage bin and truck unloading areas.

For flexible pavements, in-situ lime stabilisation of the clayey subgrade could be
undertaken to reduce total pavement thickness. Alternatively, an appropriate select
till layer comprising good quality well-graded granular material may be used below

the pavement.

improvement of the subgrade CBR design value and consequent reduction of the
crushed rock pavement thickness may be achieved by stabilising the clay subgrade

with lime to a minimum depth of say 200mm to 300mm. To determine the optimum
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lime addition rate to achieve the beneficial effect desired, laboratory tests should be
carried out. However, an indicative proportion to achieve a CBR of 6% would
probably be the addition of 4% of guick lime by dry weight of the clay. The lime
must be thoroughly mixed with the clay using specialist blending machines and then

compacted to not less than 98% SMDD at +2% of SOMC.

Only contractors experienced with lime stabilisation should be used. We note that
use of lime close to pedestrian and adjacent building areas is generally not preferred

unless an acceptable method of dust suppression can be adopted.

Subsoil drains should be provided on the uphill side and along the perimeter of
pavements, with inverts not less than 0.3m below clay subgrade level. The drainage
trench should be excavated with a longitudinal fall to appropriate discharge points so
as to minimise the risk of water ponding. The pavement subgrade should be graded

to promote water flow or infiltration towards subsoil drains.

4.8.1 Proof Rolling and Filling

Should any large trees require removal, we recommend they be removed well in
advance of construction to allow for readjustment of the moisture content of the
highly plasticity (reactive) silty clay subsoil. Removal of any large trees should also

include the removal of the tree stumps.

Following demolition and tree removal, subgrade preparation for the proposed
building area will require clearance of any other vegetation followed by stripping of
root affected topsoil. These materials may be stockpiled or taken off-site as they are

not suitable for re-use as engineered fill.

Any existing fill, which is encountered (including backfill to the existing service

trenches) is likely to be variably compacted and should be (excavated if necessary)
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and re-compacted where floor slab support is required. Any remaining existing fill
may be left in place below proposed pavements on the condition that the subgrade is
proof rolled and appropriately treated. However, there is a chance that some
settlement may still occur under pavements bearing on the existing fill, even after it

is treated by proof rolling.

Following stripping and excavation to the proposed design levels, the exposed silty
clay and clay subgrade should be proof-rolled (say with a 5 tonne minimum
deadweight smooth drum roller). Proof-rolling should be carried out under the direct
supervision of an experienced geotechnical engineer or geotechnician to assist in the
detection of unstable areas which were not disclosed by this investigation. During
proof-rolling care should be taken to avoid vibration damage to any neighbouring
structures or services or improvements. The vibrations should be monitored and the

vibrations may need to be reduced or ceased if there is a risk of damage.

Where unstable areas are encountered the area should be locally excavated down to

a sound base and replaced with engineered fill as detailed in Section 4.8.2.

We expect that at present some sections of the exposed subgrade will comprise silty
clays with an in-situ moisture content higher than the plastic limit or have been
allowed to become wet due to poor site drainage or prolonged exposure to wet
periods. These silty clay subgrades may deflect significantly under proof rolling, may
exhibit poor trafficability and would not be suitable for construction of new
pavements or as a foundation to support slabs in their present condition. It will
therefore be necessary to over-excavate such areas to below the depth of moisture
‘softening’” and to replace the excavated material with properly compacted

engineered fill.

Allowance should be made for either tyning, aerating and drying of the subgrade

after over-excavation; or lime to dry out and stabilise the subgrade, or for the use of
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a heavy arade geogrid/geotextile fabric to act as a bridging and separation over the
excavation before placing and compacting the engineered fill. Inspection of the
excavated subgrade should be undertaken by a geotechnical engineer to confirm the

most appropriate method of treatment.

If ‘dry’ conditions prevail at the time of construction, the subgrade may become
desiccated or have shrinkage cracks prior to sealing with sub-base or base materials.
If this occurs then the subgrade must be watered and rolled until the cracks

disappear.

A poorly drained clayey subgrade will also become untrafficable when wet. We
recommend that if soil ‘softening’ occurs, the subgrade be over-excavated to below
the depth of moisture ‘softening” and that the excavated material be replaced with

engineered fill, compacted as specified in Section 4.8.2.

In addition, in order to improve trafficability for construction equipment, it may be
desirable that a capping layer of granular material be placed over any heavily
trafficked areas. This granular material {e.g. DGS40 or DGB20) could then be
utilised as a sub-base for proposed slab and pavements if desired, though some
repair work may be necessary depending on the condition of the layer immediately

prior to pavement construction.

4.8.2 Engineered Fill and Compaction Control

Engineered fill should preferably comprise well-graded granular material {ripped or
crushed sandstone or ripped shale), free of deleterious substances and having a
maximum particle size of 75mm. The sandy fill may be re-used, however, clayey
soils are less desirable but may be re-used provided unsuitable {‘over-wet’ and ‘over-

size’) material and any deleterious material is excluded. The well-graded granular fill
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for backfilling excavations or for raising site levels should be compacted in layers of
not greater than 200mm {or 100mm if hand operated compactors are used) loose
thickness, to a density between 98% and 102% of Standard Maximum Dry Density
(SMDD). Clayey fill should be compacted to a similar density but within 2% of
Standard Optimum Moisture Content (SOMC). However, it would be wise to have a
capping layer of better quality imported fill over the clayey fill. The use of clay
materials for engineered fill will entail more rigorous earthworks supervision and

compaction control.

Density testing should be carried out at a frequency of at least one test per fill layer

per 500m? or three tests per layer per visit, whichever requires the most tests.

At least Level 2 testing (or Level T where fill is to support movement-sensitive floor
slabs/pavements) of earthworks should be carried out in accordance with AS3798.
Preferably, the geotechnical testing authority should be engaged directly on behalf of
the client and not as part of the earthworks contract. We can complete these tests

if you wish to commission us.

The earthworks recommendations provided here should be complemented by

reference to AS3798.

4.9 Soil Aggression

The soil chemical tests have revealed acidic subsoil conditions (pH value of 5.1) with
sulphate contents of less than 50mg/kg. The designer is referred to the guidelines
given in the Cement and Concrete Association Technical Note 57 for appropriate
precautionary measures. This document recommends the use of denser concrete
mixes to reduce leaching of the cement matrix and additional protection for concrete
exposed to soil with a pH value between 4.5 and 5.5. As the pH is relatively low,

we also recommend that the cover to steel reinforcement be at least 5Omm.
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SUMMARY OF FURTHER GEOTECHNICAL WORK

Excavation and retention recommendations provided in this report should be

complemented by reference to the Code of Practice Excavation Work, Cat. No. 312 by

WorkCover NSW.

As detailed in this report, further geotechnical work is recommended as follows:

Dilapidation surveys for the neighbouring buildings/structures.

Assessment of the effects of excavation on the nearby building footings and
whether underpinning is required.

Assessment of the effects of excavation on the existing basement wall along
Rutledge Street if it is to be retained as temporary shoring and whether
underpinning, anchors or props are required.

Additional boreholes located along the line of the basement perimeter could be
considered to provide more extensive information to tenderers for construction of
the retention system.

Additional cored boreholes should also be carried out to prove in more detail the
higher bearing capacity (3.5MPa and 6MPa) shale/siltstone strata across the site.
Quantitative monitoring of transmitted vibrations during rock excavation using
rock hammers.

Assessment of groundwater inflow to confirm drainage requirements following
excavation. We also recommend further on-going monitoring of groundwater
levels in the standpipes.

Inspect soldier pile or contiguous pile construction.

Inspect the rock face at the toes of contiguous piles and the unsupported rock
faces in the medium or higher strength rock to confirm batter treatment.
Inspection of footing excavations to ascertain that the recommended foundation
has been reached and to check initial assumptions regarding foundation

conditions and possible variations that may occur.
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s Inspect proof rolling of silty clay subgrade to detect soft spots requiring

treatment.

o Carry out laboratory tests to establish the optimum lime addition rates for
pavement/floor slab subgrades.

¢ This investigation has been limited to boreholes spread throughout site and where
access permitted. Additional boreholes may need to be drilled to address
particular design issues once design work is commenced and to provide a better
coverage across the proposed building and to confirm the variation in depth to
rock, and rock quality, especially if bored piers are adopted. For example, where
it is proposed to adopt the 6MPa bearing pressure, cored boreholes would be

required.
We recommend that Jeffery & Katauskas Pty Ltd view the proposed earthworks and

structural drawings and section details in order to confirm they are within the

guidelines of this report,

6 GENERAL COMMENTS

The recommendations presented in this report include specific issues to be addressed
during the construction phase of the project. As an example, special treatment of
soft spots may be required as a result of their discovery during proof-rolling, etc.
In the event that any of the construction phase recommendations presented in this
report are not implemented, the general recommendations may become inapplicable
and Jeffery and Katauskas Pty Ltd accept no responsibility whatsoever for the
performance of the structure where recommendations are not implemented in full

and properly tested, inspected and documented.

The long-term successful performance of floor stabs and pavements is dependent on
the satisfactory completion of the earthworks. [n order to achieve this, the quality

assurance program should not be limited to routine compaction density testing only.
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Other critical factors associated with the earthworks may include subgrade

preparation, selection of fill materials, control of moisture content and drainage, etc.
The satisfactory control and assessment of these items may require judgement from
an experienced engineer. Such judgement often cannot be made by a technician
who may not have formal engineering qualifications and experience. In order to
identify potential problems, we recommend that a pre-construction meeting be held
so that all parties involved understand the earthworks requirements and potential
difficulties. This meeting should clearly define the lines of communication and

responsibility.

Occasionally, the subsurface conditions between the completed boreholes may be
found to be different {or may be interpreted to be different) from those expected.
Variation can also occur with groundwater conditions, especially after climatic
changes. If such differences appear to exist, we recommend that you immediately

contact this office.

This report provides advice on geotechnical aspects for the proposed civil and
structural design. As part of the documentation stage of this project, Contract
Documents and Specifications may be prepared based on our report. However, there
may be design features we are not aware of or have not commented on for a variety
of reasons. The designers should satisfy themselves that all the necessary advice
has been obtained. If required, we could be commissioned to review the
geotechnical aspects of contract documents to confirm the intent of our

recommendations has been correctly implemented.

The offsite disposal of soil will most likely require classification in accordance with
the Department of Environment & Conservation (NSW) guidelines as inert, solid,
industrial or hazardous waste. We can complete the necessary classification and
testing if you wish to commission us. As testing requires about seven days to

complete, allowance should be made for such testing in the construction program
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unless testing is completed prior to construction. {f contamination is found to be

present then substantial further testing and delays should be expected. We strongly

recommend this issue be addressed prior to commencement of excavation on site.

If there is any change in the proposed development described in this report then all

recommendations should be reviewed.

This report has been prepared for the particular project described and no
responsibility is accepted for the use of any part of this report in any other context
or for any other purpose. Copyright in this report is the property of Jeffery and
Katauskas Pty Ltd. We have used a degree of care, skill and diligence normally
exercised by consulting engineers in similar circumstances and locality. No other
warranty expressed or implied is made or intended. Subject to payment of all fees
due for the investigation, the client alone shall have a licence to use this report.

The report shall not be reproduced except in full.

Should you have any queries regarding this report, please do not hesitate to contact

the undersigned.

Tony Walker
Associate

QA Review by:

" Fernando Vega

Senior Associate

For and on behalf of

JEFFERY AND KATAUSKAS PTY LTD.
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115 Wicks Read

Macquarie Park, NSW 2113
PO Box 976

North Ryde, Bc 167C
Telephone: {2 8888 5000
Facsimile: 02 2888 5001

SOIL TEST SERVICES

ABN 43 002 145173

Ref No:21570V
Table A: Page 1 of 1

TABLE A
SUMMARY OF LABORATORY TEST RESULTS

AS 1289 TEST METHOD 211 31.2 3.21 3.31 3.441
BOREHOLE DEPTH MOISTURE LIQUID PLASTIC PLASTICITY LINEAR
NUMBER m CONTENT LIMIT LIMIT INDEX SHRINKAGE
% Yo % % %
101 0.50-0.95 338 52 21 31 15.0
101 5.50-6.00 9.3
101 6,20-6.85 8.9
104 6.00-6.02 9.4
104 7.00-7.30 7.9
105 6.00-6.35 14.4
105 7.00-7.55 10.7
Notes:

* The test sample for liquid and plastic limit was oven-dried(SOOC) & dry-sieved
* The lingar shrinkage mould was 125mm
* Refer to appropriate notes for soil descriptions

All services provided by STS are subject 10 our siandard terms and conditions. A copy is available on request.



115 Wicks Road

Macquarie Park, NSW 2113
PO Box 976

North Ayde, Bc 1870
Telephone: 02 9888 BOCO
Facsimile: 02 9888 5001

SOIL TEST SERVICES

ABN 43 002 145 173

Ref No: 21570V
Table B: Page 1 of 1

TABLE B

SUMMARY OF FOUR DAY SOAKED C.B.R.TEST RESULT
BOREHOLE NUMBER 103
DEPTH (m) 0.30 - $.80
Surcharge (kg) 4.5
Maximum Dry Density (tm®) 1.50 STD
Optimum Moisture Content (%) 27.7
Mouided Dry Density (tYm®) 1.47
Sample Density Ratio (%) 98
Sample Moisture Ratio (%) 100
Moisture Contents

Insitu {%) 28.2

Moulded (%) 277

After soaking and

After Test, Top 30mm(%) 32.8

Remaining Depth (%) 30.6

Material Retained on 19mm Sieve (%) 0
Swell (%) 0.0
C.B.R.value: @5.0mm penetration 3.0

NOTES:

+ Refer to appropriate Borehole logs for soil descriptions
» Test Methods :

(a) Soaked C.B.R. : AS 1289 6.1.1

(b) Standard Compaction : AS 1289 5.1.1

{(c) Moisture Content : AS 1289 2.1.1

‘This document is issued i accordance with NATA's Approved Signatory/
aecraditation requirements. Authorised Signature
NATA This document shak ho? be reprotuced except (A.Tatikonda)
N In full
NATA Accredited Laboratory
Number:1327

vate: [ (o [0 [OF

All services provided by STS are subject to our standard terms and conditions, A copy is availab(z on request.



115 Wicks Road

Macquarie Park, NSW 2113
PO Box 976

North Ryde, Bc 16870
Telephone: {02 9888 5000
Facsimile: 02 9888 5001

TABLE C

SOIL TEST SERVICES

ABN 43 002 145 173

Ref No: 21570V
Table C: Page 1 0of 2

SUMMARY OF POINT LOAD STRENGTH INDEX TEST RESULTS

BOREHOLE DEPTH

ESTIMATED UNCONFINED

ls s0)
NUMBER COMPRESSIVE STRENGTH
m MPa (MPa)

101 5.80-6.83 0.8 16
7.76-7.79 1.0 20

8.37-8.40 1.9 38

9.30-9.34 1.6 32
10.36-10.41 0.8 16
11.25-11.28 1.1 22
12.41-12.45 1.2 24
13.38-13.43 1.0 20
13.85-13.89 1.0 20

102 7.73-7.77 1.8 36
8.37-8.40 1.5 30

9.69-9.73 1.4 28

103 7.21-7.24 0.7 14
7.85-7.88 0.9 18

8.15-8.18 0.8 16

9.62-9.65 1.0 20

104 7.82-7.85 086 12
8.31-8.34 07 14

8.29-0.32 0.7 14
10.47-10.51 0.7 14
11.51-11.55 09 18
12.32-12.38 0.8 16
13.50-13.55 0.8 16

105 8.91-8.95 0.3 8
9.91-9.95 0.4 8
10.19-10.23 0.7 14

NOTES:SEE PAGE 2 OF 2

All services provided by STS are subject to our standard terms and conditions. A copy is available on request.



115 Wicks Road

Macguarie Park, NSW 2113
PO Box 976

North Ryde, Bc 1670
Telephone: 02 9888 5000
Facsimile: 02 9888 B0O1

TABLE C

SOIL TEST SERVICES

ABN 43 002 145 173

Ref No: 21570V
Table C: Page 2 of 2

SUMMARY OF POINT LOAD STRENGTH INDEX TEST RESULTS

BOREHOLE DEPTH

IS (50}

ESTIMATED UNCONFINED
NUMBER COMPRESSIVE STRENGTH
m MPa (MPa)
105 10.68-10.71 0.8 16
11.32-11.35 1.0 20
12.51-12.55 0.7 14
13.70-13.74 0.6 12
14.21-14.25 0.7 14

NOTES:

1. In the above table testing was completed in the Axial direction.
2. The above strength tests were completed at the 'as received'

moisture content.

3. Test Method: RTA T223.

4. The Estimated Unconfined Compressive Strength was calculated from
the point load Strength Index by the following approximate relationship

and rounded off to the nearest whole number :

UCS =20 ES (50)

All services provided by STS are subject to our standard terms and conditions, A copy is available on request.
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Report No: NAAQ7-2512 Page 1 of 1 LabPOInt

LabPoint Pty Ltd
ABN 82 096 903 749
Phone: (02) 9624 5588

: . Fax: {02) 9624 2266
Date Received: 10/10/2007 E-Mail: labpeint@bigpond.net.au
Unit 31, 35 Foundry Road

S Hiils NSW 2147
Order No: C.0.C dated 09/10/07 B Box 177

Kings Langley 2147

Attention: Mr. Ashwin Tatikonda

Soil Test Services Pty Litd
115 Wicks Road
Macquarie Park NSW 2113

Type of Samples: Two soil samples - project 21570V, Analysed 'as received'

BH 104 BH 105
Tests 3.0-3.45m 4.5-4.95m Methods
PH 5.1 NA AS 1289 4.3.1 - 1997
Sulphat NA s AS 1289 D2.1 1997 & APHA
S 4500 SO,” - E

Note: Units: mg/kg dryweight for soils except pH. Analysed "as received".
Samples will be disposed of seven days after issue of this report unless otherwise notified.
The above soil samples have been prepared by customer as follows:

(a) Oven dried at 50 C

(b) Sieved over 2.36 mm sieve

NA means not analysed

This document is issued in
b W accordance wilh NATA's
accreditetion requirements,

Bl A ccieditation for complisnce with
Ll |SOAEC 17025

Dr Rama Bhat COMPETEHOR Laboratony No. 11111
Manager Environmental Services

Date Issued: 16/10/2007
naaQ72512.s01 21570V
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CONSULTING GEQTECHNICAL AND ENVIRONMENTAL ENGINEERS

Borehole No,

BOREHOLE LOG 101

3
Client: EASTWOOD CENTRE DEVELOPMENTS PTY LTD
Project: REDEVELOPMENT OF SHOPPING CENTRE
Location: CNR. RUTLEDGE AND TRELAWNEY STREETS, EASTWQOOD, NSW
Job No. 21570V Method: SPIRAL AUGER R.L. Surface: = 71.4m
Date: 24-9-07 JK250 Datum: AHD
Logged/Checked by: G.F./W/
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CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

CORED BOREHOLE LOG

¢

Borehole No.

101

Client: EASTWOOD CENTRE DEVELOPMENTS PTY LTD

Project: REDEVELOPMENT OF SHOPPING CENTRE
Location: CNR. RUTLEDGE AND TRELAWNEY STREETS, EASTWOOD, NSW

Job No. 21570V

Core Size: NMLC

R.L. Surface: ~ 71.4m

Date: 24-9-07 Inclination: VERTICAL Datum: AHD
Drill Type: JK250 Bearing: - Logged/Checked by: G.F.[ﬂ/‘/
3 CORE DESCRIPTION POINT DEFECT DETAILS
J o LOAD DEFECT DESCRIPTION
[ . oy
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CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Borehole No.

CORED BOREHOLE LOG 101

Client: EASTWOOD CENTRE DEVELOPMENTS PTY LTD

Project: REDEVELOPMENT OF SHOPPING CENTRE
Location: CNR. RUTLEDGE AND TRELAWNEY STREETS, EASTWOOD, NSW

Job No. 21570V Core Size: NMLC R.L. Surface: =~ 71.4m
Date: 24-9-07 Inclination: VERTICAL Datum: AHD
Drill Type: JK250 Bearing: - Logged/Checked by: G.F./?
3 CORE DESCRIPTION POINT DEFECT DETAILS
J > LOAD DEFECT DESCRIPTION
4] . o
2 |z s Rock Type, grain character- £ | < STRENGTH SPACING Type, inclination, thickness,
< |50 = | e istics, colour, structure, E: g INDEX planarity, roughness, coating
3 |2 £ |8 minor components. = | € {mm) : . ‘
5 |5l & | § b 5 f5(50)
2 |af a | a 2| B e 888000 Specific Generai
SHALE: grey, laminag, bedded at| DW- [ M-H | R - J, BO-90°, P, §
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Borehole No.

102”3

Client:

Project:

Location:

EASTWOOD CENTRE DEVELOPMENTS PTY LTD
REDEVELOPMENT OF SHOFPPING CENTRE

CNR. RUTLEDGE AND TRELAWNEY STREETS, EASTWOOD, NSW

Job No. 21570V

Method: HAND AUGER/

R.L. Surface: = 69.6m

Date: 27-9-07 MELVELLE Datum: AHD
Logged/Checked by: G.F./?/“
10} —
v ::_ '
5 = @ ~ | g £ .2 z| §=
z < % E - e DESCRIPTION s 5] 22 £ o Remarks
o 7 w O — o - == 0 OB o o
£ 2 b = = & = ZJEL] 98 Ec
39 = [=3 = 8 B8 Hi 2 D
22 |ndon 3 ) = E 8 25218351553
Oc (WD i a G} = =shzigelzd s
DRY ON REFER TO ¢ FILL: Silty sand, fine to medium D APPEARS
COMPLET} DCP TEST - grained, brown, with a trace of clay, MODERATELY
ION RESULTS 3 fine to medium grained gravel and COMPACTED
metal wire.
i CH | "SILTY CLAY" high plasticity, brown, | ME>PL (SF'
with fine to medium grained 0
] ironstone gravel.
CL-CH| SILTY CLAY: medium to high
plasticity, light brown, red brown VSt
and light grey, with fine to medium
grained ironsione gravel.
2 HAND AUGER
REFUSAL
COMMENCED
WASHBORING FRCM
1.95m
3 —_]
4.—
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Jeffery and Katauskas Pty Ltd ‘!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Borehole No.

BOREHOLE LOG 102

Client: EASTWOOD CENTRE DEVELOPMENTS PTY LTD

Project: REDEVELOPMENT OF SHOPPING CENTRE
Location: CNR. RUTLEDGE AND TRELAWNEY STREETS, EASTWOOD, NSW

Job No. 21570V Method: HAND AUGER/ R.L. Surface: ~ 69.6m
Date: 27-9-07 MELVELLE Datum: AHD

l.ogged/Checked by: G.F./%

w
- @
8 o - 5 . g a
5 = @ - 3 = - 2 £ B %
2 b 2 E ° 3 DESCRIPTION v5El g8 E o Remarks
=l = T U= 4 @
S S o £ 5 |&% 555 20| g%
=2 © .
2 % |ndlmw © 8 o T 5598 £35|8568%5
G- el i o G [ 3T z0o2|bhe|zda

REFER TO CCORED BOREHOLE LOG [ END WASHBORING

10— -
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Jeffery and Katauskas Pty Ltd

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

CORED BOREHOLE LOG

¢

Borehole No.

102

Client: EASTWOOD CENTRE DEVELOPMENTS PTY LTD
Project: REDEVELOPMENT OF SHOPPING CENTRE
Location: CNR., RUTLEDGE AND TRELAWNEY STREETS, EASTWOOD, NSW

Job No. 21570V
Date: 27-9-07
Drill Type: MELVELLE

Inclination:

Bearing: -

Core Size: NMLC

VERTICAL

R.L. Surface:

~ 69.6m

Datum: AHD
Logged/Checked by: G.F./4F

Weathering

Strength

POINT
LOAD
STRENGTH
INDEX

DEFECT DETAILS

DEFECT
SPACING
(mm)

% CORE DESCRIPTION
2
= >
g =l ® o Rock Type, grain character-
v S = © istics, colour, structure,
5 |w] 5 | i
2 % B g minor components.
2 |a|l 0| 6
[
7= START CORING AT 7.16m
SHALE: grey, laminae, bedded at
0-10°,
8
g

SW

END OF BOREHOLE AT 10.03m

11 -

12 -

DESCRIPTION
Type, inclination, thickness,
planarity, roughness, coating.
Specific General
- Be, 10°
-J, 700, 8,5
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Jeffery and Katauskas Pty Ltd

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

BOREHOLE LOG

¢

Borehole No.

103”2

Client:

Project:

Location:

EASTWOOD CENTRE DEVELOPMENTS PTY LTD
REDEVELOPMENT OF SHOPPING CENTRE

CNR. RUTLEDGE AND TRELAWNEY STREETS, EASTWOOD, NSW

Job No. 21570V

Method: SPIRAL AUGER/

MELVELLE

R.L. Surface: =~ 70.bm

Date: 28-9-07 Datum: AHD
Logged/Checked by: J.M./
w -——
3 ©

8 & o) g > B o

g = ¢ || S ¥ e85 %

N & @ E O DESCRIPTION e 65| EL E g Remarks

c c = c e R 2E & 20 &£

3 Q o] (=4 [=% = n T T o wv

22 womm © & © £ 8 '538 Egl§5co

o& | i a 5] 30 soz|haeizcdd

g g racaran :
DRY ON REFER TO CH CCNCRETE: 5§mm.t _ : MC = PL T
JCOMPLET} DCP TEST SILTY CLAY: high plasticity, light st
|ON RESULTS brown, with ironstone gravel.
COMMENCED
(V St} WASHBORING AT
1- 0.65m

vy _

AFTER
CORING
v
AFTER
11 DAYS 2-

REFER TO CORED BOREHOLE LOG

END WASHBORING
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Jeffery and Katauskas Pty Ltd ’!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Borehole No.

CORED BOREHOLE LOG 103,

COPYRIGHT

Client: EASTWOOD CENTRE DEVELOPMENTS PTY LTD
Project: REDEVELOPMENT OF SHOPPING CENTRE
Location: CNR. RUTLEDGE AND TRELAWNEY STREETS, EASTWOQOD, NSW
Job No. 21570V Core Size: NMLC R.L. Surface: = 70.5m
Date: 28-9-07 Inclination: VERTICAL Datum: AHD
Drill Type: MELVELLE Bearing: - Logged/Checked by: J.M./ ¥
3 CORE DESCRIPTION POINT DEFECT DETAILS
5 LOAD
F 2 : w» sTRENGTH| PEFECT DESCRIPTION
§ E E :‘J H?E:czyiilloglf'r;tcr:{?{i:;a— % £ INDEX SPACING Type, inclination, thickness,
5 |5l 5 E= i’ ' " ’ £ @ (mm) planarity, roughness, coating.
E’ 2 'é g minar components, 8 o lS(SO)
2 |8 o] @ 2| B LMy EE8se e Specific General
6 S I
START CORING AT 6.70m S
7 SHALE: grey, with light grey / DW i M-H L -
laminae. - T T
Ehe \CORELOSS0.0Qm % M e
SHALE: grey, with light grey . N IR |
laminae. [
SRR TR EEE N I
SR SEN RSN
n IR
CORE LOSS 0.21m R
SHALE: grey, with light grey Sw IMH| - 00
laminae.
CORE LOSS 0.19m
9 | "SHALE: grey, with light grey SW MR ‘
laminae. SEEEEE EEEEEN
EEESEN RN
R DI e tbmma
™ END OF BOREHOLE AT 10.00m 10mm PYC STANDPIPE INSTALLED, BOTTOM
Do bt r l L 3mSLOTTED, BAILED TO 2.75m
- EERERE
SERERNI
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Jeffery and Katauskas Pty Ltd ‘!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Borehole No.

BOREHOLE LOG 104

Client: EASTWOOD CENTRE DEVELOPMENTS PTY LTD

Project: REDEVELOPMENT OF SHOPPING CENTRE
Location: CNR. RUTLEDGE AND TRELAWNEY STREETS, EASTWOOD, NSW

Job No. 21570V Method: SPIRAL AUGER R.L. Surface: ~ 70.0m
Date: 26-9-07 JK250 Datum: AHD
Logged/Checked by: G.F./ 7"
w —~
w o
(- [ e
§ s 2 |2 8 ¢ 22,2 &%
z - z § E p o8 DESCRIPTION %"E'E £5 E g, Remarks
55 o = & £ Fe%| Q| nEx
°8 |Baw 9 oy ¢ | E= c58| 53|85 8
O (W i fa ] S0 203 | b |Tac
CRY CN TN CONCRETE: Z250mm.t
COMPLET}
ION CF | - | FILL: Sitty sandy gravel, fine to M - -
AUGER CL-CH | \ medium grained, brown, igneous / MC=>PL| St L - |
-ING N=7 : gravel. 00k
: 2,3,4 . SILTY CLAY: medium to high 210
| plasticity, light brown, with fine to 180
1- medium grained ironstone gravel. -~
| SILTY CLAY: medium to high VSt i
1 plasticity, light grey mottled red -H -
| brown and orange brown, with fine 430 L
N = 18 . . X
te medium grained ironstone gravel, 400
79,9 R -
410
2 wad -
| | as above, ] CH |
7 hut medium plasticity. o
3._.
N = 22 ] 410
9,8,13 530
8, 540 L
4~ L
POSSIBLY XW
N I SHALE WITH IRON
N> 38 . 600 | INDURATED BANDS
13,16, > 600
22/100mm 1 =600 [
REFUSAL 5 - -
SHALE: light grey, with iron xXw EL -
SPT indurated bands. ~
15/20mm
REFUSAL
SHALE: dark grey, with iron Dw L-M LOW TO MODERATE
indurated bands. I RESISTANCE




Jeffery and Katauskas Pty Ltd ‘!(

CONSULTING GEQTECHNICAL AND ENVIRONMENTAL ENGINEERS

Borehole No.

BOREHOLE LOG 104

Client: EASTWOOD CENTRE DEVELOPMENTS PTY LTD
Project: REDEVELOPMENT OF SHOPPING CENTRE
Location: CNR. RUTLEDGE AND TRELAWNEY STREETS, EASTWOOD, NSW
Job No, 21570V Method: SPIRAL AUGER R.L. Surface: =~ 70.0m
Date: 26-9-07 JK250 Datum: AHD
Logged/Checked by: G.F./f¥
w =
N g E E P - :_L:,“ DESCRIPTION p é i :‘3,;, £ g 8 Remarks
38 [ s | 51 8} EEE 5| eEsg
& [B588 &£ 8§ 1 5|58 s8z| a8 288
SHALE: dark grey, with iron DWW L-M
indurated bands.
REFER TO CORED BOREHOLE LOG
8 - -
9 u
10 -
11 -
12— —
13 - -
14

COPYRIGHT




Jeffery and Katauskas Pty Ltd ._!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Borehole No.

CORED BOREHOLE LOG 104

Client: EASTWOOD CENTRE DEVELOPMENTS PTY LTD

Project: REDEVELOPMENT OF SHOPPING CENTRE
Location: CNR. RUTLEDGE AND TRELAWNEY STREETS, EASTWOOD, NSW

COPYRIGHT

Job No. 21570V Core Size: NMLC R.L. Surface: ~ 70.0m
Date: 286-9-07 Inclination: VERTICAL Datum: AHD
Drill Type: JK250 Bearing: - Logged/Checked by: G.F./ 7
3 CORE DESCRIPTION POINT DEFECT DETAILS
= o LOAD DEFECT DESCRIPTION
& |2l g | S| RockType, graincharscter- | @ | |STRENGTH| gp)cing Type, inclination, thickness,
Ta'j % = 2 istics, colour, structure, g § INDEX planarity, roughness, coating.
t"-_; g 16- % minor components. g $
z |& &8 | 5 z b Specific General

7

START CORING AT 7.41m

SHALE: grey, with iron indurated| DW | L-M
2?}2{15' laminae, bedded at O- - FRACTURED ZONE, 30mm.t

-J, 40-50°, P, &

-, 20-30°, P, 8

- XWS, Bmm.t

-J, 30-40°. P, 8
-J,20°, P, 8
-J, 60-80°, P, R

SHALE: grey laminae, bedded at | PW- | M
0-15° sw

-J, 40-50°, P, S

-J, 60-70°, 17, §
-J, 20-30°, P, 8

-J, 20-30°, P, &

- FRACTURED ZONE, Smm.t

-J, 80-60°, P, R
12

- XWS, 10mm.t

- XWS, 30mm.t
-J, 200, 2,8
-J,30-40°, P, S

13

-J,30°, P, 8
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Jeffery and Katauskas Pty Ltd ‘!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Borehole No.

CORED BOREHOLE LOG 104

Client: EASTWOOD CENTRE DEVELOPMENTS PTY LTD
Project: REDEVELOPMENT OF SHOPPING CENTRE
Location: CNR. RUTLEDGE AND TRELAWNEY STREETS, EASTWOQOOD, NSW
Job No. 21570V Core Size: NMLC R.L. Surface: =~ 70.0m
Date: 26-9-07 Inclination: VERTICAL Datum: AHD
Drilt Type: JK250 Bearing: - Logged/Checked by: G.F./"/’V
- CORE DESCRIPTION POINT DEFECT DETAILS
8 LOAD
2 DEFECT
8 e = | 8| RookType, graincharacter- | £ | |STRENGTH| oo Typo, incloation, shisknass,
g %‘) z _cE) lSt‘C.S’ celour, Struc:ure’ E ‘é’ lNDEX {m m) planarity, roughnass, coating‘
K)' = ig‘ g minor compaonents. 8 e [8(50)
=z B O o z gL Vg M o VE] § § g g g8 Specific General
FEEEH SHALE: grey laminae, bedded at Ll R
No-15° f R
END OF BOREHOLE AT 14.13m S
18-
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Jeffery and Katauskas Pty Ltd ‘!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Borehole No.

BOREHOLE LOG 105

Client: EASTWOOD CENTRE DEVELOPMENTS PTY LTD

Project: REDEVELOPMENT OF SHOPPING CENTRE

| ocation: CNR. RUTLEDGE AND TRELAWNEY STREETS, EASTWOOD, NSW

Job No. 21570V Method: SPIRAL AUGER R.L. Surface: = 74.3m
Date: 25-9-07 JK250 Datum: AHD

Logged/Checked by: G.F./?’”

a -~
. vl = -
s | 5| L, | _| gl £ _e| 2| 8%
z g @ £ - 8 DESCRIPTION v§%| 2 E o Remarks
=R b 5 2 B3 2355 E’ ] o %G
29 o bl 2 S g el o]
c& |g88E & 8| 5 50 =8z|&82|f8¢&
DRY ON O Lseis CONCRETE: 90rmm.t
COMPLET} X - FILL: Silty clay, medium to high MC>PL - gPPERALF;S
ION OF ) plasticity, light brown, red brown . POO -
AUGER _— and grey, with fine o medium COMPACTED
-ING N=4a i grained ironstone and igneous gravel, -
3,2,2 i with fine to medium grained sand. 3
1 -
4 FILL: Silty clay, medium to high 1
nlasticity, grey and brown, with fine APPEARS
| to medium grained ironstone and | MODERATELY
N=g9 - igneous gravel, brick fragments and - TO WELL
545 ] fing to medium grained sand. | COMPACTED
2 —_ [
a- TFILL: Siity sand, fine to medium | M | | APPEARS
N =2 grained, grey, with fine to medium PGORLY
0,1.1 i grained igneous and ironstone gravel " COMPACTED
and clay fines. -
CL-CH| SILTY CLAY: medium to high  |[MC>PL|(vsyy | - [~ ]
4 plasticity, light grey and orange I~
i brown, with fine to medium grained N
ironstone gravel.
N = 19 4 VSt 390
N 380
4,8,11 400
5 e .
;": - SHALE: light grey, with iron KXW EL ST T T
oy indurated bands.
NS IT | 67 >600
18,21, = > 600
\15/50mm B > 800 |
REFUSAL B
; ey DW | L-w LOW TO MOD.




Jeffery and Katauskas Pty Ltd ‘!(

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

Borehole No.

BOREHOLE LOG 105

Client: EASTWOOD CENTRE DEVELOPMENTS PTY LTD

Project: REDEVELOPMENT OF SHOPPING CENTRE
Location: CNR. RUTLEDGE AND TRELAWNEY STREETS, EASTWOOD, NSW

Job No. 21570V Method: SPIRAL AUGER R.L. Surface: ~ 74.3m
Date: 25-9-07 JK250 Datum: AHD
Logged/Checked by: G.F./“}/
]
w -
5 z g 5
§ | 2| oz || @ % €l .8 &3
z - p] E £ PR DESCRIPTION 29 RS g % Remarks
Rl 3 B or sl 825 29|28
5¢& |BBRE & a 5 |50 =8z |ad |28
SHALE: grey. DW L-Mvi RESISTANCE
v
AFTER S
14 DAYS, S
] REFER TQO CORED BOREHOQLE LCG

13~

14

COPYRIGHT
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Jeffery and Katauskas Pty Ltd

CONSULTING GEQTECHNICAL AND ENVIRONMENTAL ENGINEERS

CORED BOREHOLE LOG

4

Borehole No.

105 |

Client: EASTWQOOD CENTRE DEVELOPMENTS PTY LTD
Project: REDEVELOPMENT OF SHOPPING CENTRE
Location: CNR. RUTLEDGE AND TRELAWNEY STREETS, EASTWOOD, NSW
Job No. 21570V Core Size: NMLC R.L. Surface: ~ 74.3m
Date: 25-9-07 inclination: VERTICAL Datum: AHD
Drill Type: JK250 Bearing: - Logged/Checked by: G.F./ %
3 CORE DESCRIPTION POINT DEFECT DETAILS
v > . » ST;SQETH DEFECT DESCRIPTION
§ E € 5 R?Ctlf TYPE:I gramtchatracter- .g - INDEX SPACING Type, inclination, thickness,
- = = E istics, colour, structure, £ §> planarity, roughness, coating.
2 g 4 S minor components. 8 g
= S A& 5] = & Specific General
7
START CORING AT 7.55m
SHALE: grey, with iron indurated| BW L
bands.
v - J, 50-85°, Un, R
18 HRS 8-
AFTER ~ FRACTURED ZONE, 130mm.t
HUMPING
| CORE LOSS 0.09m .
SHALE: grey laminae, bedded at Dw- | LM " 00% P
0-10°. sw -J, 209 P, §
- Cr, bram.t
I
~ XWS, Bmm.t
- XWS, 16Bmm.t
-J,30-40°, P, 8
- FRACTURED ZONE, 10mm.t
10
-J, B-10%, P, S
- XWS, 10mm.t
11
- XWS, 20mm.t
- J, 60-80°, Un, §
SW | M-H
12
13

-J,30°, P, 8
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Jeffery and Katauskas Pty Ltd

CONSULTING GEQOTECHNICAL AND ENVIRONMENTAL ENGINEERS

CORED BOREHOLE LOG

¢

Borehole No.

1 054/4

Client: EASTWOOD CENTRE DEVELOPMENTS PTY LTD
Project: REDEVELOPMENT OF SHOPPING CENTRE
Location: CNR. RUTLEDGE AND TRELAWNEY STREETS, EASTWOOD, NSW

Job No. 21570V
Date: 25-9-07
Drill Type: JK250

Inclination:

Bearing: -

Core Size: NMLC

VERTICAL

R.L. Surface: =

74.3m

Datum: AHD
Logged/Checked by: G.F./ﬁ/

Weathering

Strength

POINT
LOAD
STRENGTH
INDEX

DEFECT DETAILS

DEFECT
SPACING

T CORE DESCRIPTION
&
|
& D .
@ e T ] Rock Type, grain character-
i =t o istics, colour, siructure,
g |8l 2| 8 minor components.
o e ® o
2 |m] & G
SHALE: grey laminae, bedded at
0-15°
END OF BOREHOLE AT 14.3Cm
16—
16~
17 -
18
18
20

DESCRIPTION
Type, inclination, thickness,
pianarity, roughness, coating.
Specific Generai
14.30m PVC STANDPIPE INSTALLED, BOTTOM
8m SLOTTED, PUMPED TG 13.0m




Jeffery and Katauskas Pty Ltd

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS

DYNAMIC CONE PENETRATION TEST RESULTS

Client:
Project:
Location:

EASTWOOD CENTRE DEVELOPMENTS PTY LTD
REDEVELCOPMENT OF SHOPPING CENTRE
CNR. RUTLEDRDGE AND TRELAWNEY STREETS, EASTWOOD, NSW

Job No.
Date:
Tested By:

21570V
27-9--07
G.F./B.Z

Hammer Weight & Drop: 9kg/510mm

Rod Diameter; 16mm
Point Diameter. 20mm

Number of Blows per 100mm Penetration

Test Location

Depth (mm)

RL ~69.6m
101

RL ~70.5m
103

0-100

VOID

100 - 200

1

200 - 300

:

300 - 400

400 - 500

500 - 600

800 - 700

700 - 800

800 - 900

200 - 1000

1000 - 1100

1100 - 1200

1200 - 1300

1300 - 1400

| ool | M

1400 - 1500

—_
—

1500 - 1600

-
[\

1600 - 1700

-
FrN

1700 - 1800

13

1800 - 1900

14

1900 - 2000

25/60mm

2000 - 2100

REFUSAL

2100 -2200

2200 - 2300

2300 - 2400

2400 - 2500

o|e|lelololojujolaljo|rrs|w|winin|N|NIswlolo]e|o

2500 - 2600

19

2600 - 2700

30/90mm

2700 - 2800

REFUSAL

2800 -2900

2900 - 3000

1. The procedure used for this test is similar to that described in AS1289.6.3.2-1997, Method 6.3.2.
2. Usuaily 8 blows per 20mm is taken as refusal

Remarks:

Ref: Scalal xis April 98
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Figure No. 1

Jeffery and Katauskas Pty L.td

Report No. 21570V

BOREHOLE LOCATION PLAN
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SCALE (m)

(S) GROUNDWATER MONITORING WELL
0

& BOREHOLE (DOUGLAS 2004)



GRAPHICAL BOREHOLE SUMMARY

76 1 2
1 N =3 7 N=1G
7 2 ] N =33 N =35
— N =25 ! N =50
68 N =04 ? Al s 45
] E N =3PT g L
— : . A
= =
€ 5 r = =z
- 64 s = r
o - = — - E
60 = = 60
56 = = 56
| = = B
52 52
A.spha.lticl 7 Clay [7°7] Shaly Clay ; Sifty Clay Ne SOLID CONE N
. g::i':;n:?s 4 g % glc-:%vr\\'llrs PER Scale: 1:200 (Vert) v NTS (hOl’IZ)
Coal Siltstone, .. X.. Observed 150mm
. Mudstone, water
& Jeffery and Katauskas Pty Ltd 4!(
(] ™ Y VAl
NOTE: REFER TO BOREHOLE LOGS Job No.: 21570V Figure No.: 2A




GRAPHICAL BOREHOLE SUMMARY

76 76
B 101 B
12 1 03“ 72
1w e ' et 104 N
- _ W V¥in =1s I -
— : v 7 n
68 4 =20 w=1s 68
—_ _ ¥ =>38 B -
-Ej 64 - 64 —
_-[ T : s [ ——
e - = 3
60 60
N — "
b6 == b6
52 52
C e Scale: 1 : 200 {vert) ; NTS (horiz)
7 swew = ;:i::vgd 150mm Jeffery and Katauskas Pty Ltd ‘!(
NOTE: REFER TO BOREHOLE LOGS Job No.: 21570V Figure No.: 2B




GRAPHICAL BOREHOLE SUMMARY

76 1 76
72 % 101 s
- _ ¥ [P 102 -
n Y- 2 B
68 7 : ::;:T N =20 68
_ ~ = B .
= 64 = 64 =
i - = - —_
v - = — 3
60 = . 60
56 — 56
52 b2
[ E}?E:::?s 7 sitty Clay Z'EE:;DN Scale: 1 : 200 (vert) ; NTS (horiz)
- w5 7 O e en
& 7 X Ouserved 0 Jeffery and Katauskas Pty Ltd ‘_*_'(
"~ - NOTE: REFER TO BOREHOLE LOGS Job No.: 21570V Figure No.: 2C
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TEST BORE REPORT

BORE No: 1
CLIENT: Bernard Chan Nominees Pty Lid PROJECT No: 36766 DATE: 12-17/2/04
PROJECT: Proposed Redevelopment SURFACE LEVEL: 74.1m AHD SHEET 1 OF 2
LOCATION: Eastwood Centre, Rutledge St, Eastwood DIP OF HOLE: 90¢° AZIMUTH: --
-~ Degree of Rock . - - - -
Depth Description Westhering 2 _ | strength Discontinuities mSamp!mgl & In Situ Testing
of a.g [T T T 15l ] ] Zao|loF|a Test Results
(m) Bod |33 (5 E|5| B-Bedding J-Joint Ba 5 slae 8
Strata 52550p 0 lWBIEBIBE| S-sew  D-DifBesk |5 b A Comments
.05\ ASPHALT IEERE ~xw TR IT
0'15—\BDADBA$E GRAVE Sl (N |
FILLING - brown clay filling, with i % : : : : : : : : : : A
crushed brick, roadbase gravel, R RN |
ronstone gravel and a trace of
| sk N <<t |
- M8 GLUAY S S motited orange and {1 1 11| REREE | ‘;ﬁg
yellow brown clay, with some Pt [ T I |
fronstone grave. Damp I / P11l | A
B T [ T |
| CLAY - hard, light grey and trrnn s FLLdd |
r2 orange brown c¢lay, with ironsione I PEE i | A
gravel. Damp [ [ O O I I ;
" NI O I I I i
| CLAY - hard, light grey mottled IR i |
red brown clay, with ironstene 1114 I I s 7;\1?3%3
grave! bands. Damp HIIE IR I Pt |
e P14 Tt |
RN fryetd |
FLEA / e |
EL / I {
I PPt |
» T (I |
IBEE N (N |
IIlH/!IHII l s 812,13
s NN L I
~| GLAY - very stiff, grey mottled I I L ert |
orange brown clay, with ironstone it [ |
grave! bands and a trace of (NN e |
IS decomposed roots Pl i I
NN (I |
SR / (N H
(RN [ ]
Iilii/llilll | s 13,2139
" (I IR |
RN I1 3T 11| Note Unless otherwise |l
(| / 14111 stated, rockis fractured ||
S I 44§ | alongplanar bedding |
RN [ 1] 11| Planesdiping 05 |
ST SILTSTONE -exremelylowand | | 1111 =" La 111 I
L, low strength, extremely and OIS ekl I B f 25/70mm
highly weathered, light grey, e e e B R - } S r
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BORE No: 1

TEST BORE REPORT

BATE: 12-17/2/04
SHEET 2 OF 2
AZIMUTH:

PROJECT No: 36766

Bernard Chan Nominees Pty Lid

Proposed Redevelopment
LOCATION: Eastwood Centre, Rutledge St, Eastwood

CLIENT:

SURFACE LEVEL: 74.1m AHD

DIP OF HOLE: 90°

PROJECT:
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LOGGED: JARDINE CASING: TO 2.5m

TYPE OF BORING: SPIRAL FLIGHT AUGER TO 2.5m; ROTARY TC 7.41m; NMLC-CORING TO 20.0m
WATER OBSERVATIONS: NO FREE GROUNDWATER OBSERVED WHILST AUGERING

REMARKS:

DRILLER: L COOPER

RIG: scouT
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Geotechnics « Environment - Groundwater
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TEST BORE REPORT

BORE No: 2

CLIENT: Bernard Char: Nominees Pty Ltd PROJECT No: 36766 DATE:
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LOCATION: Eastwood Centre, Rufledge St, Eastwood DIP OF HOLE: 90° AZIMUTH: --

i Degree of Rock . . - : N
Depth Description Westheringt € | _Strength Discontinuities gr;\acé?;g Sampling & In Sitw Testing

of AT e - i 2 o|p¥|n | TestResults

g g,ﬁi l§l 1215 ©-Bedding J - Jeinl (m) £e 5 dlds &

{m) Strata TEZzap 1G] g@@g@@é - Shear O Orl Break 5 Fr|og|x Comments
005\ASPHALT P RN FPTETTT 1 A
o'?“\zliUNG»brownclayﬁl]ing.with R trerd l

ome giavel R 7ZZH | A
CLAY - orange and red brown S SRR l
[ oeday. Damp . SRRK REERR |
Fi 10 CLAY - brown clay, slightly A SRR EE i A
Sandy. Damp. . ——— ——1 |y / AERER | s 34.6
CLAY - stiff, mofited vellow and EEEE SERRE ; N=10
arange brown clay with some SRR SERRE ; A
ironstone gravel. Damp L1 EREEE |
18 - 4
1" CLAY - light grey and orange Pyl T |
2 brown clay, with some ironstone P1ild (RN H A
s gravel. Damp [ERE! (N 1
25 (I AT |
STTCLAY - hard, light grey mottled it 7 I !
red brown clay, with ironstone (I I FrLrd ! 8 13,153,250
L gravel. Damp [ [ |
3 L1bld P11t {
X P NN I
[ e {
[ [N I |
IR SRR I i
\ BREE / ARERR i
b [ e (N {
IIEI!/I%III! s s a0
PPl [ i
IR [ |
1Bt [N |
PR, (NI I R |
| SHALY CLAY - hard, light grey P18 =81 11 E] ]| Nete: Unlessolherwise |l
shaly clay, with some ironstone L e~ 111§ | stated, rock is feactured ||
gravel and a trace of L3117 brses | alonaplanar bedding ]
decamposed roots. Damp FE00I A1 1§t | planesdipping 0° § | 14,20,25/100mm
AR 94 ERRREE [ s " refusai
" |||||-//—!IEHI |
(RN Y4 R R ERN |
ItEbrE- A1 11111 |
(NI S B O el B O S I O i
CLery=/~f it |
676 SILTSTONE - low strength, : E ; ; — Il i li : : C 160 9
-7 moderately and highly weathered, SRR . ey 8,90 Jase- 90° rough |
fractured, orange brown, light and 1 IREN I vl planar, ironstained | BLIAY = & 2MP
dark grey siltstone. Some ] (A) = 0.2MPa
extremely fow, very low, medium RELE = 3 LI e I
7.56 high strengthbangs /1 | PIr= I T I§E e | PL(A) = 0.5MPa
] SILTSTONE - medium strength, | L1 11— ¢ L LIEE '
s gop stghtly weathered, slightly bl e PEELTE 7 om: gg00 rough I
1 fractured, dark grey/black ang Pibri = 1 L EHE L planar, ironstained [
- EREN M RN [ [ C {8898 |py=oamra
SILTSTONE - medium sirength, } : : : : - — : |; : il : : 8.43m: J50° rough i
fresh, slighily fractured and - stepped 1o bedding,
fractured, dark gre/black i I l } |l T I I I { : I fronstained }
Ly 897 siltstone. Some clay seams R e R .97 CORE LOSS: I
PEETIE b N3O e ovet pianar |
RN i ERE N Gh planar
P = 11| 249 89.63m; J46° ]
BERNI I EEE R rough planar, calcite |
i tlb=-A 01y | ineraiisation | e | oot
- 10 L —
10N SITTSTONE - medium to high N : =1 |
sfrength, frash, sfightiy fractured, RN ] R BN 10.27m: J20° rough i PLA) = 1.1MPa
dark grey/black siltstone, with L planar, partially healed
10% fine grained sandstone 1 : : : : L : !I ; : : ;
lamni C—
aminae [ 14l i
RIG: SCOUT DRILLER: L COOPER LOGGED: JARDINE CASING: TO 2.5m

TYPE OF BORING: SPPRIRAL FLIGHT AUGER TO 2.5m; ROTARY TO 8.0m; NMLC-CORING TO 18.70m
WATER OBSERVATIONS: CONSTANT SLOW WATER 1.0OSS FROM 12.0 TO 19.70m

REMARKS:
SAMPLING & IN 8iTU TESTING LEGEND CHECKED
A AugGer s ! PL Palnt load strength 1s{60} MP o
B Buksmpo $ Stand:rdpzn‘:rl?aﬁo;{las)l : wats: DEM ( ’ Doug’a S Partners
G Core drilling L1, Tube sample (x mm dia}
pp__Pocket penatromeler {kPa) W Shear vane kPa) Date |4'/4' Geotechnics - Environment - Groyundwater




TEST BORE REPORT

BORE No: 2
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VIBRATION EMISSION DESIGN GOALS

German Standard DIN 4150 - Part 3: 1986 provides guideline levels of vibration velocity for evalusting
the effects of vibration in structures. The limits presented in this standard are generally recognised to

be conservative.

The DIN 4150 values {maximum levels measured in any direction at the foundation, OR, maximum
levels measured in {x} or {y} horizontal directions, in the plane of the uppermost floor), are surmimarised
in Table 1 below.

it should be noted that peak vibration velocities higher than the minimum figures in Table 1 for fow
frequencies may be quite “safe”, depending on the frequency content of the vibration and the actual
condition of the structure.

It should also be noted that these levels are “safe limits”, up to which no damage due to vibration
effects has been cbserved for the particular class of building. “Damage” is defined by DIN 4150 to
include even minor non-structural effects such as superficial cracking in cement render, the enlargement
of cracks already present, and the separation of partitions or intermediate walis from load bearing walls.
Should damage be observed at vibration levels lower than the “safe limits” then it may be attributed to
other causes. DIN 4150 also states that when vibration levels higher than the “safe limits” are present,
it does not necessarily follow that damage will occur. Values given are only a broad guide.

Table 1 DIN 4150 — Structurat Damage — Safe Limits for Building Vibration

Peak Vibration Velocity in mm/s
Type At Foundation Level |- Plane of Floor
Group of _ At a Freguency of Uppermost
Structure . of Storey
Less than. | 10 Hzto. | 50 Hzteo All
10 Hz 50 Hz::- | 100 Hz Frequencies _
Buildings wused for commercial
1 purposes, industrial buildings and 20 20 to 40 40 to b0 40
buildings of similar design.
2 Dwellings and buildings of similar 5 51015 15 to 20 15
design and/or use,
Structures that because of their
particular sensitivity to vibration,
3 do not correspond to those listed 3 3108 8 tc 10 8
in Group 1 and 2 and have
intrinsic value {eg buildings that
are under a preservation order).
Mote: For frequencies above 100 Hz, the higher values in the 50 Hz to 100 Hz column should be

used.

Ref: F1661
March 1999
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CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS
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REPORT EXPLANATION NOTES

INTRODUCTION

These notes have been provided to amplify the
geotechnical report in regard to classification
methods, field procedures and certain matters relating
to the Comments and Recommendations section.
Not all notes are necessarily relevant to all reports,

The ground is a product of continuing natural and
man-made processes and therefore exhibits a variety
of characteristics and properties which vary from
place to place and can c¢hange with time.
Geotechnical engineering invoives gathering and
assimilating limited facts about these characteristics
and properties in order to understand or predict the
behaviour of the ground on a particular site under
certain conditions. This report may contain such
facts obtained by inspection, excavation, probing,
sampling, testing or other means of investigation. If
so, they are directly relevant only to the ground at the
place where and time when the investigation was
" carried aut.

DESCRIPTION AND CLASSIFICATION METHODS

The methods of description and classification of
soils and rocks used in this report are based on
Australian Standard 1726, the SAA Site Investigation
Code. In general, descriptions cover the following
properties — soil or rock type, colour, structure,
strength or density, and inclusions. |dentification and
classification of soil and rock involves judgement and
the Company infers accuracy only to the extent that
is common in current gectechnical practice.

Soil types are described according to the
predominating particle size and behaviour as set out
in the attached Unified Soil Classification Table
qualified by the grading of other particles present {eg
sandy clay) as set out belaw:

Soil Classification Particle Size
Clay less than 0.002mm
Silt 0.002 to 0.06mm
Sand 0.06 to 2mm
Gravel 2 to 60mm

Non-cohesive soils are classified on the basis of
relative density, generally from the results of
Standard Penetration Test (SPT) as below:

Relative Density SPT ‘N’ Value

{blows/300mm)
Very loose less than 4
Loose 4 ~-10
Medium dense 10 — 30
Dense 30 - bO
Very Dense greater than b0

Standard Sheetsi\Repar Explanation Notes
January 2006

4

Cohesive sails are classified on the basis of
strength (consistency) either by use of hand
penetrometer, laboratory testing or engineering
examination. The strength terms are defined as
follows.

Unconfined Compressive

Classification Strength kPa

Very Soft less than 25

Soft 256 - 50

Firm 50 - 100

Stiff 100 - 200

Very Stiff 200 - 400

Hard Greater than 400
Friable Strength not attainable

— soil crumbles

Rock types are classified by their geological
names, together with descriptive terms regarding
weathering, strength, defects, etc. Where relevant,
further information regarding rock classification is
given in the text of the report. In the Sydney Basin,
“Shale” is used to describe thinly bedded to laminated
siltstone.

SAMPLING

Sampling is carried out during dritlling or from other
excavations to allow engineering examination {and
laboratory testing where required) of the soil or rock.

Disturbed samples taken during drilling provide
information on plasticity, grain size, colour, moisture
content, minor constituents and, depending upon the
degree of disturbance, some information on strength
and structure. Bulk samples are similar but of greater
volume required for some test procedures.

Undisturbed samples are taken by pushing a thin-
walled sample tube, usually 50mm diameter {(known
as a UhOQ)}, into the soil and withdrawing it with a
sample of the soil contained in a relatively
undisturbed state. Such samples yield information on
structure and strength, and are necessary for
laboratory determination of shear strength and
compressibility.  Undisturbed sampling is generally
effective only in cohesive soils.

Details of the type and method of sampling used
are given on the attached logs.

INVESTIGATION METHODS

The following is a brief summary of investigation
methods currently adopted by the Company and
some comments on their use and application. All
except test pits, hand auger driling and portable
dynamic cone penetrometers require the use of a
mechanical drilling rig which is commonly mounted
on a truck chassis.
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Test Pits: These are normally excavated with a
backhoe or a tracked excavator, allowing close
examination of the insitu soils if it is safe to descend
into the pit. The depth of penetration is [imited to
about 3m for a backhoe and up to 6m for an
excavator. Limitations of test pits are the problems
associated with disturbance and difficulty of
reinstatement and the consequent effects on close-by
structures. Care must be taken if construction is to
be carried out near test pit locations to either properly
recompact the backfill during construction or to
design and construct the structure so as not to be
adversely affected by poorly compacted backfill at
the test pit location.

Hand Auger Drilling: A borehole of 50mm to 100mm
diameter is advanced by manually operated
equipment. Premature refusal of the hand augers can
occur on a variety of materials such as hard clay,
gravel or ironstone, and does not necessarily indicate
rock level.

Continuous Spiral Flight Augers: The borehole is
advanced wusing 75mm to 11Bmm diameter
continuous spiral flight augers, which are withdrawn
at intervals to allow sampling and insitu testing. This
is a refatively economical means of drilling in clays
and in sands above the water table. Samples are
returned to the surface by the flights or may be
collected after withdrawal of the auger flights, but
they can be very disturbed and layers may become
mixed. Information from the auger sampling (as
distinct from specific sampling by SPTs or
undisturbed samples) is of relatively lower reliability
due to mixing or softening of samples by
groundwater, or uncertainties as to the original depth
of the samples. Augering below the groundwater
table is of even lesser reliability than augering above
the water table. Use can be made of a Tungsten
Carbide (TC} bit for auger drilling into rock to indicate
rock gquality and continuity by variation in drilling
resistance and from examination of recovered rock
fragments.

Wash Boring: The borehole is usually advanced by a
rotary bit, with water being pumped down the drill
rods and returned up the annulus, carrying the drill
cuttings. Only major changes in stratification can be
determined from the cuttings, together with some
information from “feel” and rate of penetration.

Mud Stabilised Drilling: Either Wash Boring or
Continuous Core Drilling can use drilling mud as a
circulating fluid to stabilise the borehole. The term
“mud” encompasses a range of products ranging
from bentonite to polymers such as Revert or Biogel.
The mud tends to mask the cuttings and reliable
identification is only possible from intermittent intact
sampling (eg from SPT and U50 samples) or from
rock coring, etc.

Standard Sheets\Report Explanation Notes
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Continuous Core Drilling: A continuous core sample
is obtained using a diamond tipped core barrel.
Provided full core recovery is achieved (which is not
always possible in very low strength rocks and
granular soils), this technique provides a very reliable
{but relatively expensive) methad of investigation. In
rocks, an NMLC triple tube core barrel, which gives a
core of about 50mm diameter, is usually used with
water flush. The length of core recovered is
compared to the length drilled and any length not
recovered is shown as CORE LOSS. The location of
losses are determined on site by the supervising
engineer; where the location is uncertain, the loss is
placed at the top end of the drill run,

Standard Penetration Tests: Standard Penetration
Tests (SPT) are used mainly in non-cohesive soils, but
can also be used in cohesive soils as a means of
indicating density or strength and also of obtaining a
relatively undisturbed sample. The test procedure is
described in Australian Standard 1289, “Methods of
Testing Soils for Engineering Purposes” — Test F3.1.

The test is carried out in a borehole by driving a
50mm diameter split sample tube with a tapered
shoe, under the impact of a 63kg hammer with a free
fall of 760mm. It is normal for the tube to be driven
in three successive 150mm increments and the 'N’
value is taken as the number of blows for the last
300mm. In dense sands, very hard clays or weak
rock, the full 450mm penetration may not be
practicable and the test is discontinued.

The test results are reported in the following form:

e In the case where full penetration is obtained with
successive blow counts for each 150mm of, say,
4, 6 and 7 blows, as

N=13
4.6,7
¢« In a case where the test is discontinued short of
full penetration, say after 15 blows for the first
150mm and 30 blows for the next 40mm, as
N=>30
15, 30/40mm

The results of the test can be related empirically to
the engineering properties of the soil.

Occasionally, the drop hammer is used to drive
50mm diameter thin walled sample tubes {U50) in
clays. In such circumstances, the test results are
shown on the borehole logs in brackets.

A modification to the SPT test is where the same
driving system is used with a solid 60° tipped steel
cone of the same diameter as the SPT hollow
sampler. The sclid cone can be continuousiy driven
for some distance in soft clays or loose sands, or may
be used where damage would otherwise occur to the
SPT. The results of this Solid Cone Penetration Test
{SCPT} are shown as "N<” on the borehole logs,
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together with the number of blows per 150mm

penetration.

Static Cone Penetrometer Testing and Interpretation:

Cone penetrometer testing (sometimes referred to as

a Dutch Cone) described in this report has been

carried out wusing an Electronic Friction Cone

Penetrometer (EFCP). The test is described in

Australian Standard 1289, Test F5.1.

In the tests, a 3bmm diameter rod with a conical
tip is pushed continuously into the soil, the reaction
being provided by a specially designed truck or rig
which is fitted with an hydraulic ram system.
Measurements are made of the end bearing
resistance on the cone and the frictional resistance on
a separate 134mm long sleeve, immediately behind
the cone. Transducers in the tip of the assembly are
electrically connected by wires passing through the
centre of the push rods to an amplifier and recorder
unit mounted on the control truck.

As penetration occurs {at a rate of approximately
20mm per second) the information is output as
incremental digital records every 10mm. The results
given in this report have been plotted from the digital
data.

The information provided on the charts comprise:

s« Cone resistance — the actual end bearing force
divided by the cross sectional area of the cone —
expressed in MPa,

+ Sleeve friction — the frictional force on the sleeve
divided by the surface area — expressed in kPa.

s Friction ratio — the ratio of sleeve friction to cone
resistance, expressed as a percentage.

The ratios of the sleeve resistance to cone
resistance will vary with the type of soil encountered,
with higher relative friction in clays than in sands.
Friction ratios of 1% to 2% are commonly
encountered in sands and occasionally very soft
clays, rising to 4% to 10% in stiff clays and peats.
Soil descriptions based on cone resistance and friction
ratios are only inferred and must not be considered as
exact.

Correlations between EFCP and SPT values can be
developed for both sands and clays but may be site
specific.

Interpretation of EFCP values can be made to
empirically derive modulus or compressibility values
to allow calculation of foundation settlements.

Stratification can be inferred from the cone and
friction traces and from experience and information
from nearby boreholes etc. Where shown, this
information is presented for general guidance, but
must be regarded as interpretive, The test methad
provides a continuous profile of engineering properties
but, where precise information on soil classification is
required, direct driling and sampling may be
preferabie.

Portable Dynamic Cone Penetrometers: Portable
Dynamic Cone Penetrometer (DCP} tests are carried
out by driving a rod into the ground with a sliding

Srandard Sheets\Rapart Explanation Natas
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hammer and counting the blows for successive
100mm increments of penetration.

Two relatively similar tests are used:

+« Cone penetrometer (commonly known as the
Scala Penetrometer) — a 16mm rod with a 20mm
diameter cone end is driven with a 9kg hammer
dropping 510mm (AS1289, Test F3.2), The test
was developed initially for pavement subgrade
investigations, and correlations of the test results
with California Bearing Ratio have been published
by various Road Autharities.

+ Perth sand penetrometer — a 16mm diameter flat
ended rod is driven with a 9kg hammer, dropping
B800mm (AS1289, Test F3.3). This test was
developed for testing the density of sands
{originating in Perth) and is mainly used in granular
soils and filling.

LOGS

The borehole or test pit logs presented herein are
an engineering and/or geological interpretation of the
sub-surface conditions, and their reliability will depend
to some extent on the frequency of sampling and the
method of drilling or excavation. Ideally, continuous
undisturbed sampling or core drilling will enable the
most reliable assessment, but is not always
practicable or possible to justify on economic
grounds. In any case, the boreholes or test pits
represent only a very small sample of the total
subsurface conditions.

The attached explanatory notes define the terms
and symbols used in preparation of the logs.

Interpretation of the information shown on the
logs, and its application to design and construction,
should therefore take into account the spacing of
boreholes or test pits, the method of drilling or
excavation, the frequency of sampling and testing
and the possibility of other than “straight line”
variations between the boreholes or test pits.
Subsurface conditions between boreholes or test pits
may vary significantly from conditions encountered at
the borehole or test pit locations.

GROUNDWATER
Where groundwater levels are measured in

boreholes, there are several potential problems:

s Although groundwater may be present, in low
permeability soils it may enter the hole slowly or
perhaps not at all during the time it is left open.

« A localised perched water table may lead to an
erroneous indication of the true water table.

« Woater table levels will vary from time to time with
seasons or recent weather changes and may not
be the same at the time of construction.

¢« The use of water or mud as a drilling fluid will
mask any groundwater inflow. Water has to be
blown out of the hole and drilling mud must be
washed out of the hole or “reverted” chemically if
water observations are to be made.
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More reliable measurements can be made by
installing standpipes which are read after stabilising at
intervals ranging from several days to perhaps weeks
for low permeability scils. Piezometers, sealed in a
particular stratum, may be advisable in low
permeability soils or where there may be interference
from perched wvater tables or surface water.

FILL

The presence of fill materials can often be
determined only by the inclusion of foreign objects
(eg bricks, steel etc) or by distinctly unusual colour,
texture or fabric. Identification of the extent of fill
materials will also depend on investigation methods
and frequency. Where natural soils similar to those at
the site are used for fill, it may be difficult with
limited testing and sampling to reliably determine the
extent of the fill.

The presence of fill materials is usually regarded
with caution as the possible variation in density,
strength and material type is much greater than with
natural soil deposits. Consequently, there is an
increased risk of adverse engineering characteristics
or behaviour, If the volume and quality of fill is of
importance to a project, then frequent test pit
excavations are preferable to bereholes.

LABORATORY TESTING

Laboratory testing is normally carried out in
accordance with Australian Standard 1289 “"Methods
of Testing Soil for Engineering Purposes”. Details of
the test procedure used are given on the individual
report forms.

ENGINEERING REPORTS
Engineering reports are prepared by qualified

personnel and are based on the information obtained
and on current engineering standards of interpretation
and analysis. Where the repert has been prepared for
a specific design proposal {eg a three starey building)
the information and interpretation may not be relevant
if the design proposal is changed (eg to a twenty
storey building). If this happens, the company will be
pleased to review the report and the sufficiency of
the investigation work.

Every care is taken with the report as it relates to
interpretation of subsurface conditions, discussion of
geotechnical aspects and recommendations or
suggestions for design and construction. However,
the Company cannot always anticipate or assume
responsibility for:

« Unexpected variations in ground conditions — the
potential for this will be partially dependent on
borehole spacing and sampling frequency as well
as investigation technique.

« Changes in policy or interpretation of policy by
statutory authorities.

« The actions of persons or contractors responding
to commercial pressures.
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If these occur, the company will be pleased to
assist with investigation or advice to resolve any
problems occurring.

SITE ANOCMALIES

In the event that conditions encountered on site
during construction appear to vary from those which
were expected from the information contained in the
repert, the company requests that it immediately be
notified. Most problems are much more readily
resolved when conditions are exposed that at some
later stage, well after the event.

REPRCDUCTION OF INFCRMATION FOR
CONTRACTUAL PURPOSES

Attention is drawn 1o the document “Guidelines
for the Provision of Geotechnical Information in
Tender Documents”, published by the Institution of
Engineers, Australia. Where information obtained
from this investigation is provided for tendering
purposes, it is recommended that all information,
including the written report and discussion, be made
available. In circumstances where the discussion or
comments section is not relevant to the contractual
situation, it may be appropriate to prepare a specially
edited document. The company would be pleased to
assist in this regard and/or to make additional report
copies available for contract purposes at a nominal
charge.

Copyright in all documents (such as drawings,
borehole or test pit logs, reports and specifications)
provided by the Company shall remain the property of
Jeffery and Katauskas Pty Ltd. Subject to the
payment of all fees due, the Client alone shall have a
licence to use the documents provided for the sole
purpose of completing the project to which they
relate. License to use the documents may be
revoked without notice if the Client is in breach of
any objection to make a payment to us.

REVIEW OF DESIGN

Where major civil or structural developments are
propesed or where only a limited investigation has
been completed or where the geotechnical conditions/
constraints are quite complex, it is prudent to have a
joint design review which involves a senior
geotechnical engineer.

SITE INSPECTICN
The company will always be pleased to provide

engineering inspection services for geotechnical

aspects of work to which this report is related.
Requirements could range from:

i) a site visit to confirm that conditions exposed are
ne warse than those interpreted, to

i} a visit to assist the contractor or other site
personne! in identifying various soil/rock types
such as appropriate feooting or pier founding
depths, or

iii) full tirme engineering presence on site.
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Jeffery and Katauskas Pty Ltd

CONSULTING GEOTECHNICAL & ENVIRONMENTAL. ENGINEERS

UNIFIED SOIL CLASSIFICATION TABLE

fexture

solls

place; loess; (ML)

Field Identification Procedures | Lsroup i Information Required for Laboratory Classification
(Excluding particles larger than 75 pm and basing fractions on SY";MIa Typical Names Ducnbinzqsmls Criteria
estimated weights) _ _ yirrs
, CIN | Wide range in arain size and substantial || Well:: graded gravels, gravel- : LS U= B, Greater than 4
2 ¥a amounts of all intermediate particle GR | sand minates, lietle or no - " o 3 © (Dgp)?
a5 fxo sizes . Gines B ) Give lypical name: indicate ap- E 5= - Cg= Between ! and 3
LR "'.,E w2 Y proximate percentages of sand [ g D1y X Dgy
el 53 o end gravel; maximum size; B yo -
alBy 25 Predominantly one size or a range of sizcs Gr Poorly wraded gravels, gravel- angutarity, surface condition, E Tu £ Not meeting all gradation requirements for G|
=] wit some ntermediate sizes m SSINEg Sand mi 1! y littie or Ng an ardncss O e CcOoarse = 3
§;g:§ 3] h i diat Issi | d mixtures, littl ng fines sr:insl! ':?,m . greoll:gic oarse ‘: Eé-) 3
| T M fy o ki O i e N
OEsZ = w ; i iGeat i and other pertinent descriptive T ELLul Atterberg limits below | Above “A*  Jine
34:% 5 EE £ 2y No“nglamc fines (for identification pro- | .. | Silty gravels, _poorly graded | O O atlon: amd symbols in E S38%a, A" line, or FI less with FI between|
RPN .2 T = ures see ML below) gravel-zand-silt mixtures B He a2 h d
wp = ¥ ag ""”EE?]‘ parentheses 5 |o E‘ik:zs than ¢ g dagn" 7  or
- - sy =] [3 L] PR orderfine  cases]
238 o s< EER-T i C 1 ded | Forundisturbed solls add informa- | 8 | S29“ yE | Aucrberg limits_above requiring use of|
g2 3 = @ g™ | Plastic fines (for ldentification procedures, GC layey gravels, poarly grade r " rlals SouUtd A" line, with P d bl
A p = 6 Se see CL below) gravelsand-clay mixtures tion on stratification, desre?o: g2 |¢ £2 BOE greater than 7 dual symbols
=5 . . comp 1 + -3 B e -
el : moisture  conditions and [ 2 |wm SERY E'g Do than
L - fa Wide range in grain sizes and substantial Well graded sands, gravelly | O"InaFC characteristics g |5 gEovs |Co=p, Craerihang
g 5}:“ ] 2e S amo; of all intermediate particle | SW sands, little or no Anes Example: 5 g Se G = _ Dyt Between 1 and 3
65 =8 gfy co § ' Silty sand, gravelly:about 20%, | &5 (g9 8 g e C ™ D, x Dy
2y » w58 g=o tard, angular gravel par- [2 (E @ 3em
oy 8 S=3 oE Predominantly one size or a range of sizes | o Peorly araded sands, gravelly ticles 12 mm maximum size; | 3 (B B2l Ty | wor all gradation requi s for SF
=8 c| d%Es with some i di; hssi sands, littk: or no fines rounded and subangularsand | € | & g EES -
i o e oy
I = E = 2 i i i § - 15% nan-plastic fines with’ E Elnugs terberg  limits ow | Above A" line
3 S5E E B N e e bl TeRtion Pr- | gpy | Silty sands, poorly graded sand fow dry strength; well com- | 8 |Ey33 885 “A™lincor Pllessthan | * with I betwetn
i pEw 333:3 i pacted and mofst in place: | a :5geﬂzw 5 4 and 7 - mre
g sa JE 3 — alluvial sand: (SM)} 6 |Bops — borderline  casss
[ Ehal 411 . —— Atterberg  limits below .
- ol S BE | Plastic fines (for identification procedures, Clayey sands, poorly graded 5.[A R “A™ tine with pf| reawicng use of
£ w a8 see CL below) : sc sand-clay mixtures & greater than 7 dual symbols
-§ ﬁldentiﬁcalinn Procedures on Fraction Smatler than 380 um Sieve Size ’ -.%
] ’ o
Dry Strengih, " Toughness £
=2 {crushing ?r':::;:g (consistency = &0 T T ¢ Ny ppm—
. B characier. | o0 ey | Near plastic, H — 1 T = i
$ = fatics) o shaking] limin G - Camparing soils at equa! liquid fimit v
: 8 2o : == R
§ .2 2R Inorganie silts and very fine | o0 o . i 8| x T I 1 T W
ypicalname; indicate degres b 1 1 A3
.23 E :'EE Ns?::':o Mo None ML :ia::esﬁ fmc sanda with stigh; | AN charcter of plasticity, | 2 '."é 40 [= Toughess and ary strengh incredse — :
| — = (=4 H H e [ : g Inds E
fen| 333 e i am i s o | § (S i ity e
28 =23 | Inorganic clays of low 1o | . conditien, odourifany, localor [ § | 5 30 —
TES £ L2l Medium 10 None to Medium cL medium  plasticity, gravelly Beologic name, and other perti- [ 7 | = .
g E = high very slow clays, sandy clays, sfity clays, nent  descriptive  information, | £ o 20 [\
5o Iean clays _and gymbol in parentheses Sl = i or
$ER Slght to Oreanic silts and organic St . ) i F A HH
_E": 3 medium Slow Slight oL clays of low plasticity For ""d"g‘;m:?::‘ “:,dﬂl'i',{fj' g 10 Et-m = —
£ q > - 75!.!!!5__
2= Foc Stight 1o Slow to Stight to M l“g::l‘;"i:u:’;"f; A:f‘:gg; ot Y in undisturbed 0 [k —M : :
gc_: 3.5-5 medium none medium - silty snils, elastic silts ,::g I"'!““'d?o:‘d’i'lfg;‘:‘“"‘“" 0 10. 20 30 40 50 60 70 80 90 100
EE iR High to Inorganic clays of high plas- | Liquid limit
= neg very high None High CH ticity, fat clays Exampie: q, .
=58 Medium to | None ta [ Siight fo oy | Ormnicclaysofmediumohigh | ClYey =i brown:  shighiy Plasticity chart . .
i high very slow | medium |__plasticity Plastie; small pereentage of for laboratory classification of fine grained soils
Readily identified by colour, odour, finc sand: numcrous vertical
Y ) - . . 2
Highly Organic Soils spongy feel and frequently by fbrous Pr Peat and other hlghlylorgamc To0t holes; firm and dry in

NOTE ;

1) Soils possessing characteristics of two groups are designated by combinations of group symbols (e.g. GW-GC,
wall greded gravel-sand mixture with clay fines).

2) Seils with liquid limits of the order of 35 to 50 may be visually classified as being of medium plasticity.



Jeffery and Katauskas Pty Ltd

CONSULTING GEOTECHNICAL & ENVIRONMENTAL ENGINEERS

GRAPHIC LOG SYMBOLS
FOR SOILS AND ROCKS

"¢

SOIL

FILL

TOPSOIL

CLAY (CL, CH}

SILT (ML, MH)

SAND (SP, SW}

GRAVEL (GP, GW}

SANDY CLAY (CL, CH}

SILTY CLAY (CL, CH)

CLAYEY SAND (5C)

SILTY SAND {SM)

GRAVELLY CLAY (CL, CH)

CLAYEY GRAVEL (GC)

SANDY SILT (ML)

PEAT AND ORGANIC SOILS

busessay

CONGLOMERATE

SANDSTONE

SHALE

SILTSTONE, MUDSTONE,

CLAYSTONE

LIMESTONE

PHYLLITE, SCHIST

TUFE

GRANITE, GABBRO

DOLERITE, DIORITE

BASALT, ANDESITE

QUARTZITE

DEFECTS AND INCLUSIONS

LLL

CLAY SEAM

SHEARED OR CRUSHED
SEAM

BRECCIATED OR
SHATTERED SEAM/ZONE

IRONSTONE GRAVEL

ORGANIC MATERIAL

OTHER MATERIALS

e
T e

-
éy..‘n

CONCRETE

BITUMINOUS CONCRETE,
COAL

COLLUVIUM
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CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS
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LOG SYMBOLS

LOG COLUMN" | symsor  |. Lo DEFINITION.

Groundwater Record

Standing water level. Time delay following completion of drilling may be shown.

Groundwater seepage into borehole or excavation noted during drilling or excavation.

—& Extent of borehole collapse shortly after drilling.
ES

rotation of augers.

Sampies Soil sample taken over depth indicated, for environmental analysis.
us0o Undisturbed 50mm diameter tube sample taken over depth indicated.
DB Bulk disturbed sample taken over depth indicated.
DS Small disturbed bag sample taken over depth indicated.
Field Tests N=17 Standard Penetration Test [SPT} performed between depths indicated by lines. Individual figures
4.7 10 show blows per 150mm penetration, ‘R’ as noted below.
Ne = 5 Solid Cone Penetration Test {SCPT} performed between depths indicated by lines. Individual figures
show blows per 150mm penetration for 60 degree solid cone driven by SPT hammer. 'R’ rafers to
7 apparent hammer refusal within the corresponding 150mm depth increment,
3R
VNS = 25 Vane shear reading in kPa of Undrained Shear Strength.
‘ PID = 100 Photoionisation detector reading in ppm (Soil sample headspace test).
-Moisture. Condition MC > PL Moisture cantent estimated to be greater than plastic limit. e
{Cohesive Soils) X ! X o :
MC=PL Mpoisture content estimated to be approximately equal to plastic limit.
MC<PL Moisture content estimated to be less than plastic limit.
{Cohesionless Soils) D DRY - runs freely through fingers.
M MOIST - does not run freely but no free water visible on soil surfaca.
w WET - free water visible on soil surface.
Strength (Consistency} Vs VERY SOFT - Unconfined compressive strength less than 25kPa
Cohesive Soils
S SOFT - Unconfined compressive strength 25-50kPa
F FIRM - Unconfined compressive'strength 50-100kPa
S5t STIFF - Unconfined compressive strength 100-200kPa
VSt VERY STIFF - Unconfined compressive strength 200-400kPa
H HARD - Unconfined compressive strength greater than 400kPa
{ ) Bracketed symbol indicates estimated consistency based on tactile examination or other tests.
Density Index/ Relative Density Index {Ib) Range {%]) SPT °N’ Value Range (Blows/300mm}
Density {Cohesionless
Soils) VL VerY Loose <156 0-4
L Loose 15-35 4-10
MD Medium Dense 35-65 10-30
D Dense 65-85 30-50
vD Very Dense >85 > 50
{1 Bracketed symbol indicates estimated density based on ease of drilling or other tests.
Hand Penetrometer 300 Numbers indicate individual test results in kPa on representative undisturbed material unless noted
Readings R
250 ] otherwise.
Remarks V' bit Hardened steel V' shaped bit.
‘TC’ bit Tungsten carbide wing bit.
I 60 Penetration of auger string in mm under static load of rig applied by drill head hydraulics without

Ref: Standard Sheets Lag Symbols
Avgust 2001




Jeffery and Katauskas Pty Ltd

CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS
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LOG SYMBOLS

ROCK MATERIAL WEATHERING CLASSIFICATION

CTERM .- | symBoOL |

Residual Soil RS Soil developed on extremely westhered rock; the mass structure and substance fabric are no
longer evident; there is a large change in volume but the soil has not been significantly
transported. ’

Extremely weathered rock Xw Rock is weathered to such an extent that it has “soil” properties, ie it either disintegrates or can be
remoulded, in water.

Distinctly weatherad rock Dw Rock strength usually changed by weathering. The rock may be highly discoloured, usually by
ironstaining. Porosity may be increased by leaching, or may be decreased due to deposition of
weathering preducts in pores.

Slightly weathered rock SW Rock is slightly discoloured but shows little or no change of strength from fresh rock.

Fresh rock FR Rock shows no sign of decomposition or staining.

ROCK STRENGTH

Rock strength is defined by the Point Load Strength Index {Is 50} and refers to the strength of the rock substance in the direction normai to the
bedding. The test procedure is described by the International Journal of Rock Mechanics, Mining, Science end Geomechanics. Abstract

Volume 22, No 2, 1285.

Extremely Low: -

EL
Very Low: VL
Low: L
Medium Strength: M
High: H
Very High: VvH
Extremely High: EH

{7 16 B0y WP
Easily remoulded by hand to a material with soil properties.
0.03
May be crumbled in the hand. Sandstone is “sugary” and friable,
0.1
A piece of core 150mm long x 50mm dia. may be broken by hand and easily scored
3 with a knife. Sharp edges of core may be friable and break during handling.
Q.
A piece of core 150mm long x 50mm dia. can be broken by hand with difficulty.
1 Readily scored with knife.
A piece of core 150mm long x 50mm dia. ¢ore cannot be broken by hand, can be
3 slightly scratched or scored with knife; rock rings under hammer.
A piece of core 150mm long x 50mm dia. may be broken with hand-held pick after
more than one blow, Cannot be scratched with pen knife; rock rings under hammer,
10
A piece of core 150mm long x 50mm dia. is very difficult ta break with hand-held
hammer. Rings when struck with a hammer.

ABBREVIATIONS USED IN DEFECT DESCRIPTION

" ABBREVIATION. * |- " “"DESGRIPTION . o NOTES © T L
Be Bedding Plane Parting Defect orientations measured relative to the normal to the long core axis
cs Clay Seam {ie relative to horizontal for vertical holes)

Jd Joint
P Planar
Un Undulating
S Smoocth
R Rough
1S lronstained
XWS Extremely Weathered Seam
Cr Crushed Seam
60t Thickness of defect in millimetres
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